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DOCTOR WALTHER HORN 


With the passing away of Dr. Walther Horn on the 10th 
of July, 1939, in Berlin-Dahlem, the entire entomological 
world has suffered a severe loss. The name of this outstanding 
German naturalist and scholar is indelibly inscribed in the 
annals of his favorite science owing to his manifold and lasting 
contributions. 

Walther Horn was born on October 19, 1879. He was 
the son of an industrialist whose gift for organization he appar- 
ently inherited in a happy way. Since his boyhood Walther 
Horn was interested in entomology and started early to collect 
insects, the beetles attracting his special attention. In his 
youthful years he was fortunate enough to become acquainted 
with Dr. Gustav Kratz, who owned a large coleopterological 
collection and accomplished much toward collaboration among 
German museums pursuing entomological purposes. The inter- 
est of Kratz in the family of Cicindelidae had a marked effect 
on the young naturalist and was responsible for making this 
group of beetles the favorite field of the investigations of 
Dr. Horn during his whole life. The first article by Horn on 
this family was published when he was twenty years old and 
since then the bibliography of that group alone covers some 
284 works credited to his pen, among the total of the 390 
titles of his writings. In the period of years between 1896 
and 1902 Dr. Horn traveled extensively visiting north Africa, 
the island of Ceylon, different portions of eastern Asia and 
a number of localities in North, Central and South America. 

The most outstanding achievement of the life of Walther 
Horn should be considered the creation of the Deutsches 
Entomologisches Institute in Berlin-Dahlem. It developed 
out of the private collection originally assembled by Dr. Kratz. 
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Under the leadership of Dr. Horn this institution has grown 
since 1911 from the original functions of an entomological 
museum into a vast organization covering a diversity of 
problems of an entomological character in fulfillment of a 
far-reaching plan. It acquired its formal status in 1920 and 
two years later came officially under the auspices of the Emperor 
William Society for the Advancement of Science. Numerous 
ramifications grew out of the initial limited program of safe- 
keeping and increasing a scientific collection and brought to 
life an institution of international significance concerned with 
systematic, bibliographical and biological problems. A unique 
card catalogue on entomological works containing 250,000 
titles was made available to visiting scientists or for inquiries 
through correspondence. Dr. Horn was invariably ready to 
place himself at the service of his colleagues in his country 
and foreign lands, was always ready to help any one interested 
in the different fields of entomology which were so richly 
interpreted by the documentation of the Institute, and, in 
particular, to be of assistance to the amateur. The influence 
of the Institute directed by Walther Horn was unusually 
extensive and was responsible for creating lasting bonds of 
scientific associations and friendships. The collection of 
Cicindelidae assembled by Horn and preserved at the Institute 
numbers over 25,000 specimens with over 2,500 species and 
forms and about 1,200 types. Another favorite study of 
Walther Horn was the investigation in museology and entomo- 
bibliography. Among his most important publications, besides 
specialized papers and monographs, should be mentioned the 
Index Litteraturae Entomologicae and three volumes of his 
survey of entomological collections which is a unique source 
of up-to-date information for reference and of contemporary 
and past entomologists and the subsequent destination of 
their collections. With collections being broken up and 
changing hands it was possible through the data secured by 
Dr. Horn to ascertain their location and the identity of the 
scattered series. The publication of photographs of the 
original labels of different known collections will be of great 
assistance in this regard, for students of types and typical series. 

From 1910 to 1938 Dr. Walther Horn was a member of the 
executive committee of the International Entomological Con- 
gress and at the last, the Seventh, International Congress in 
Berlin in 1938, was awarded the signal distinction of honorary 
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member of International Entomological Congresses. He had 
numerous associations with entomological societies throughout 
the world and was a member of such societies in England, 
Spain, Switzerland, Belgium, Luxembourg, Chile, Russia, 
Finland, Argentine and Bgypt. In this country he was a 
member of the Entomological Society of America and the 
Brooklyn Entomological Society. 

Dr. Horn’s last visit to this country was at the time of 
the entomological congress in Ithaca, New York, 1928, and 
the writer of these lines recalls with special pleasure his visit 
to the Carnegie Museum. 

The contributions of Dr. Walther Horn offered to the 
meetings of the International Congresses through his papers, 
which often had a philosophical trend and vastly transcended 
the limits of specialized studies, were among the high spots 
of such sessions. 

While the name of Walther Horn will live forever in the 
chronicles of entomology, he will be remembered by his 
grateful friends for his rare cordiality, kindness and good 
will. His numerous American admirers together with his 
colleagues in other countries will not only mourn his loss but 


will feel the lasting inspiration of his life, mission, and message. 

The world of science being the truly cosmopolitan realm 
which knows no national or political boundaries and lines 
of division, comprises also a brotherhood of entomologists of 
various races and regions, who are united by their regards and 
affections for this departed leader. 


A. AVINOFF. 
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BOOK NOTICE 


MEADOW AND PASTURE INSECTS, by HERBERT OsBorn, assisted by Mrs. 
DorotHy J. KNuULL. Pages viii and 288, 103 text figs;6x 94 inches. THE 
Epucators’ Press, 50 East Broad St., Columbus, Ohio. Price, postpaid, 
$3.75. 

Professor Herbert Osborn has been the American pioneer in the realization 
of [the great damage done meadows and pasture-lands by insects. I wish to 
emphasize this point. As early as the late 80’s and early 90’s of the past century 
Professor Osborn, through his studies of the grass-sucking Homoptera, was calling 
attention to this, then unmeasurable, but obviously very serious damage. His 
first paper on the subject was ‘‘Silvertop in grass and the insects which produce 
it.”’ (Can. Ent. 94-96, 1891.) In 1898 appeared ‘‘Some problems connected with 
the attacks of Jassidae on grasses’’ (Proc. 19th Meeting Soc. Prom. Agr. Sci., 
pp. 101-102). In 1912 the problems were again reviewed in ‘‘Leafhoppers affecting 
cereal and forage crops’’ (U.S. D. A., Bur. Ent. Bull. No. 108). Then six summers 
were spent at the Maine Agricultural. Experiment Station as consulting ento- 
mologist when much time was devoted to the problem. The results of these 
studies appeared in the various bulletins of the Maine Station from 1915 to 1919. 
His interest in the problem has never slackened to the present time. During 
this period of fifty years he has assiduously collected all items that have borne 
on the subject. Little continuous attention was paid by other entomologists to 
his emphasis of damage to pasture lands until the connection of leafhoppers with 
plant diseases was discovered. From then on the problem of insect damage to 
meadows and pastures loomed ever larger in applied entomology. 


The volume opens with a brief statement of the size of the problem and some 
historical notes. Chapter II, pp. 12-42, covers meadow ecology; III. Animal 
Groups in the Meadow Fauna (all animals except insects); IV. The Insect Popula- 
tion, which chapter covers the nature of losses by insect damage; V. General 
Control Measures for Meadow and Pasture Insects. These include the most 
effective, rotation of crops and baiting, but also burning, dozers and catchers, 
trap lights and natural enemies. Chapters VI-XIII cover meadow insects by 
orders. Under each order are given many notes on habits, damage and control 
measures with thorough documentation. The volume thus becomes a key to 
the literature on meadow and pasture insects. 


Largely because of the great extent of natural meadow and pasture in the 
United States, and because even the poorest farm help can permit a pasture to 
grow up to wild grasses, few people realize that the vast extent of meadow lands, 
pasture and range in the United States is the great factor that has permitted 
even the poor to have a regular supply of meat, milk and milk products on the 
table. It has meant a vigorous country. To the entomologist it means also a 
great frontier open to the attacks of the hoards of meadow and pasture insects. 
It means the build-up of incredibly great populations because of the extensive 
pure stands of insect food. It is this extensive entomological problem that has 
engaged Professor Osborn’s interest since he entered the science in early life. 
This book is no mere compilation: it has occupied a large part of his thought for 
a good many years. The work was in the first complete manuscript when the 
expert assistance of Dr. Dorothy Johnson Knull, artist and student of Cicadellidae, 
became available. She volunteered help in the tedious work of a final check of 
references and bibliography, the type of effort that puts a final finish on an other- 
wise completed manuscript. The ANNALS wishes to compliment Professor Osborn 
on Meadow and Pasture Insects, the product of so many years of effort and to 
wish him more years of productivity. 

Just a word on The Educators’ Press, which is a recently acquired full dress 
for Spahr and Glenn Company, the very competent printers ofthe ANNALS. This 
printing establishment which does practically all the technical monotype work 
for other central Ohio printing companies has been so successful in publishing 
technical works for members of the Ohio State University faculty that it has 
given itself the label ‘‘The Educators’ Press,’’ which is more in keeping with its 
product.—C. H. K. 


A QUALITATIVE AND QUANTITATIVE STUDY OF THE 
TRICHOPTERA OF WESTERN LAKE ERIE 
(AS INDICATED BY LIGHT 
TRAP MATERIAL) 


ANNE CORINNE MARSHALL 


Department of Zoology and Entomology, 
Ohio State University, 
Columbus, Ohio 


It is the purpose of this paper to record a list of the species of 
those Trichoptera of Western Lake Erie which are attracted to 
light traps and to discuss some of the aspects of their relative 
abundance and seasonal distribution. Supplementing the list 
of species are notes regarding the occurrence of each species. 
For future students the figures of male genitalia will give an 
exact placement of the species studied in case that some name 
or names have been misapplied. A simple key to the more 
common species of this region is included for the convenience of 
any future workers in this field. Graphs are presented which 
indicate that some species occur in two broods or generations 
per season while others are definitely limited to one. The study 
is based on some seventy thousand specimens collected during 
the summer of 1937 near the Franz Theodore Stone Laboratory, 
Put-in-Bay, Ohio, and represents two years of work on the part 
of the author in the careful determination of species and check- 
ing the data involved ! 


DESCRIPTION OF THE LOCALITY 


Gibraltar Island is one of the smaller of the islands making 
up the Lake Erie Archipelago. It lies only a few hundred feet 
from South Bass Island which is one of the largest of the group 
and not far from two other larger islands. Since the larval 
stages of 7richoptera are aquatic, the distribution of the group 
depends largely on limnological conditions. Within a short 
distance of places where the adults were collected, practically 
all types of shore lines are found. There are sand beaches, 
shallow bays of mud with vegetation, and shores of rubble and 


1] wish to express my appreciation to Dr. Herbert Ross of the Illinois Natural 
History Survey for his co-operation in the identification of specimens. I am also 
grateful to Dr. Dwight M. DeLong and Mrs. Irona Winterrowd, as well as many 
other friends, for their assistance in making this collection. 
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others made up of large rocks and boulders. Some are exposed 
to wave action and others protected, allowing variations in 
oxygen content and other factors of ecological importance. 
Thus a large range of habitats is found within a small area. In 
view of this variety of habitats, as well as the fact that Lake 
Erie is one of the smaller of the Great Lakes, it may be assumed 
that the conditions found here are fairly representative of the 
entire lake. 
METHODS 


The material upon which this discussion is based was secured 
entirely by means of light traps, during the summer of 1937 from May 25 
to October 12. Throughout the latter part of June, July, and August, 
collections were made nightly when the weather permitted. Prior to 
and after this time, Dr. DeLong and Mrs. Winterrowd gathered material 
whenever possible. Often they were absent from the Island for a few 
days, but nevertheless the data from their collections constitute an 
important part of the entire picture. 

It was found that the insects were more abundant in the earlier part 
of the night, so the collecting, which was done by means of artificial 
light was begun at dusk each evening and continued for approximately 
two hours. 

Most of the collecting was done with an argon mercury light enclosed 
in a glass case which could be carried about. The insects were picked 
from the glass by hand and placed in alcohol. Removing the specimens 
from the glass is much less difficult than one would think, and can be 
done quite rapidly. Three-dram vials about half full of alcohol were 
tapped on the glass just below the insect, which was quickly pushed in 
by the forefinger. On exceptionally good nights, four persons were often 
able to fill eighteen or twenty vials in two hours. 

In addition to the blue argon light, another device was found to be 
quite successful. A desk lamp was placed over a large white porcelain 
dish of alcohol just inside an open window. This method was occasion- 
ally used in addition to the argon light and often on rainy nights 
replaced it. 

Both methods have their advantages. The blue light is generally 
considered to be more effective in the collection of most species. How- 
ever, we found no particular indication that such applies to Trichoptera, 
although no experiments were carried on in this regard. Indeed, the 
desk lamp method seemed far better for collecting micro-caddis flies, 
although other factors than the color or wave length of the light may 
have been responsible. Few of the smaller insects were attracted to the 
argon light, and those were difficult to capture. On the other hand, a 
common lamp always attracted many of the smaller Trichoptera. 

Hand collecting by the argon mercury light results in much cleaner 
material since it is possible to select only the caddis flies. It requires 
the work, however, of some four to six persons on an exceptionally good 
night. The bottles can be labeled and packed away until time is found 
to sort out the species. With the desk lamp, on the other hand, no work 
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is required at the time of collecting except emptying the dish occasion- 
ally and replacing the alcohol which evaporates quickly. Such a device 
can be left out all night with little inconvenience to the collector. With 
this method of collecting, the work of sorting is made extremely arduous 
and tiresome since the material contains many kinds of insects. Lepidop- 
tera which shed their scales, and chironomids are extremely troublesome. 
During the periods when Mayflies are abundant, the use of the open 
alcohol dish is almost impossible, since it is so quickly filled with 
ephemerids. 

In the event of a heavy rain, no collections can be made. However, 
if the rain is very light, apparently a few insects are able to fly. The 
argon light cannot be placed outside, but in this case it or a desk lamp in 
the window attracts a few insects. On several such nights the catch 
was almost limited to micro-caddis flies which were surprsiingly 
abundant. 

Wind interferes with the flight of the insects, and apparently makes 
it difficult for them to light on the glass surface. When the argon light 
was carried to a protected spot, the results were much better than when 
exposed to the wind. When the desk lamp was protected by placing it a 
short distance from the window, the results were also better. 

On very bright moonlight nights, few insects are attracted, probably 
due to the fact that the artificial light is not carried far. Under such 
conditions either method seems rather futile when one is accustomed to 
gathering insects in such great numbers as is usually possible in this 
region. 

After collecting the specimens, which were all preserved in alcohol, 
they were sorted as to species and sex and recorded under the proper 
date. Utmost care was taken in checking the genitalia, since that char- 
acter is most significant in determining the species. The abdomens were 
removed from several of each species and placed for a time in a strong 
solution of potassium hydroxide, washed in water mildly acid, and then 
carefully studied. All of the Hydroptilidae were cleared in potassium 
hydroxide before identifying. All the males in the collection have been 
identified, but in some cases (Athripsodes and Nyctiophylax and a few 
others) the females remain identified only to genus. No attempt was 
made .to identify the females of the Hydroptilidae since their specific 
characters are not clear in many cases. 


KEY TO THE CADDIS FLIES OF WESTERN LAKE ERIE 


As this is a problem which will be continued from time to 
time at the Franz Theodore Stone Laboratory, it is thought 
best to include, in this first survey, keys which cover the char- 
acters used in identifying the species discussed. This warrants 
a simpler key which covers only the common species of Western 
Lake Erie. The more difficult characters, such as wing ven- 
ation, have been used as little as possible. The figures of male 
genitalia (Plates V, VI and VII) will serve for positive identi- 
fication of species. 
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15a. 
15b. 
16a. 
16b. 
17a. 


17b. 
18a. 


18b. 
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KEY TO THE CADDIS FLIES OF WESTERN LAKE ERIE 


Very small insects; forewings with numerous erect thickened hairs; wing 
fringes of hind wings longer than breadth of wings (plate V, figs. 1-10) 


Hydroptilidae 
. Usually larger insects; wing fringes of hind wings shorter than breadth of 
Gs ckicic he amtna etx od alice we kb wlaniel eR Rae Rare WEG 6 se Ee EA 2 
Antennae stout and blunt; not as long as fore wings; no ocelli; medium or 
Py EE I gorse sis aniebh ida d cane nw baked whee Ree amk woes 3 
Antennae as long as or longer than fore wings; medium or larger insects... .11 
Basal segment of antennae longer than head and much larger than other 
segments (pl. V, fig. 15)..... ( Helicopsyche borealis) Sericostomatidae 


Basal segment of antennae not much larger than other segments, 
Polycentropidae 4 


Third segment of maxillary palp not longer than second; almost as small 


ee IIR II 6. orc nt peas rene Mine nee hie's 5 pa aK SS MaDe Re eet 
Third segment of maxillary palp longer than second. ..............0e00005 6 
Media of hind wing two branched (pl. VI, fig. 22).....Psychomyella flavida 
Media of hind wing three branched (pl. VI, fig. 23)...... Psychomyia diversa 
Cell R. not present or fused with R; in fore wing.............. ccc eee eeeee 7 
eee ee nN A I UE Si 6isic'e by oo ca a Reaa Anke bees snvenba Kkeaeonws 8 


Fore wing four or five times as long as wide; small insects (pl. VI, fig. 19), 
Cernotina pallida 
Fore wings wide and broadly rounded at apex (pl. VI, figs. 16 and 17), 
Nyctiophylax 
Fifth segment of maxillary palp as long as other four combined............ 9 
Fifth segment of maxillary palp not as long as others combined........... 10 
Hind wing with cross vein between Cu, and Ist A near the wing margin 
OWE UND She eS as s Washoe ene wits a PaO Polycentropus confusus 
Hind wing with no cross vein between Cu, and Ist A (pl. VI, fig. 21) 
Plectrocnemia cinerea 
Accessory Sc to costal margin in fore wing (pl. VI, fig. 20), 
Phylocentropus placidus 
No accessory Sc to costal margin in fore wing (pl. VI, fig. 24), 
Neureclipsis parvula 


Antennae about the same length as fore wings..............0eceeeeeees 12 
Antennae much longer than fore wings...............20055 Leptoceridae 15 
Fifth segment of maxillary palpi as long as others combined, Hydropsychidae 13 
Fifth segment of maxillary palpi not as long as others combined........... 14 
In hind wing R, and Rz fused (pl. V, fig. 14)...... Cheumatopsyche campyla 
In hind wing R, and Rz separate (pl. V, fig. 13)....... Hydropsyche recurvata 
Cee OMRON 6 6.6 ois oscic ks ceann (Limnephilus submonilifer) Limnephilidae 
Ocelli not present (pl. V, fig. 11)......... (Molanna uniophila) Molannidae 
Veins of fore wing nearly straight and parallel; cross veins forming a con- 
spicuous bar across wing (pl. VI, figs. 25-30).................05- Oecetis 
Cones Wetns not GIRIEt ON DOFEIIEL. « . <5 n ccc cecccenccecenenvsecceanens 16 


Maxillary palpi long and slender with few hairs; fifth segment longest; white 
insects, often with brown pubescence forming bars across wings (pl. 


EES 6h 5s RSAC bw ae 6b 6 4 eS he ae eae ee bes aoe Leptocella 
BEREAN CGTOE TINE WRG DANY 6 os vo50 bck caren an ekc'ne es ccenngnsdennae? 17 
Second segment of maxillary palp longer than third; brown or black (pl. 

a RS) en rere rte roe ha cre are Athripsodes 
Second segment of maxillary palp not longer than third................... 18 


Third segment of maxillary palp longest; black insects (pl. V, fig. 12), 
Mysticides sepulchralis 
Fifth segment of maxillary palp longest; light brown insects (pl. VII, figs. 
DE es ache SKE ROAR AS OER CGN ERAN A ae wat Triaenodes. 
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LIST OF SPECIES COLLECTED BY LIGHT TRAPS 


This list is based on a collection of some seventy thousand 
specimens collected by means of light traps, between the dates 
of May 25 and October 11. With such a large collection, it is 
probable that the list is fairly complete, assuming, of course, 
that all species are equally phototrophic. The possibility of 
such not being the case, and some evidence supporting this 
possibility will be discussed later in this paper. Since, as has 
been suggested before, the ecological or limnological conditions 
of the region of Gibraltar Island are more or less comparable to 
the whole lake, it is probable that this entire list is fairly repre- 
sentative of the Trichoptera which may be found in Lake Erie 
as a whole. 

A total of forty-seven species was found, representing seven 
families and twenty-one genera. Those species are listed below 
with their synonyms and certain references. A statement is also 
included regarding their abundance and seasonal limits. For 
the sake of consistency some arbitrary definitions of the terms 
used to describe the abundance have been set up. 


Rare—Not more than five in a day’s collection. 
Occasional—Five to twenty-five in a day’s collection. 
Common—Twenty-five to one hundred in a day’s collection. 
Abundant—More than one hundred in a day’s collection. 


Hydroptilidae 


No attempt was made to identify the females of this family. The 
specimens were not counted, since it was felt that certain methods of 
collecting were not equally successful among the micro-caddis flies, 
and therefore such a record would be of no significance in determining 
the seasonal distribution of the group. 


Agraylea multipunctata Curtis 
(Plate V, fig. 1) 


Curtis, 1834, p. 217; Agraylea fraterna Banks, 1907 c, p. 164. 
Betten, 1934, pp. 147, 148, pl. 11, fig. 3. 


Common; June 21 to Sept. 8. 


Hydroptila albicornis Hagen 
(Plate V, fig. 2) 
Hagen, 1861, p. 275; Betten, 1934, p. 157; Ross, 1938 c, p. 9, pl. 2, fig. 10. 
Common; June 4 to Sept. 8. 
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Hydroptila angusta Ross 
(Plate V, fig. 3) 
Ross, 1938 b, p. 130, fig. 47. 
Rare; June 22 to Sept. 8. 
Hydroptila hamata Morton 
(Plate V, fig. 4) 
Morton, 1905, p. 67, pl. a, figs. 11-13; Betten, 1934, p. 159, text fig. 26c. 


Common; June 25 to Sept. 30. 


Hydroptila spatulata Morton 
(Plate V, fig. 5) 
Morton, 1905, p. 66, pl. 13, figs. 8-10; Betten, 1934, p. 160, pl. 13, fig. 11. 


Common; June 22 to Sept. 9. 


Hydroptila waubesiana Betten 
(Plate V, fig. 6) 
Betten, 1934, p. 160, pl. 13, fig. 12. 
Abundant; June 6 to Sept. 12. 


Ithytrichia clavata Morton 
(Plate V, fig. 7) 
Morton, 1905, p. 67, pl. 14, figs. 14, 15, pl. 15, fig. 35; Betten, 1934, p. 156, pl. 13, 
fig. 1. 


Rare; July 10 to Aug. 23. 


Neotrichia okopa Ross 
Ross, 1939, p. 629, figs. 3a-f. 
Common; July 1 to Sept. 9. 


Orthotrichia americana Banks 
(Plate V, fig. 8) 
Banks, 1904 a, p. 116, 1 fig.; Orthotrichia brachiata; Morton, 1905, p. 70, pl. 14, figs. 
18, 19; Betten, 1934 (under O. brachiata) p. 152. 


Occasional; June 22 to Sept. 8. 


Oxythira pallida (Banks) 
(Plate V, fig. 9) 
Orthotrichia pallida Banks, 1904 d, p. 215, pl. 2, figs. 2, 7; 
Oxythira viminalis Morton, 1905, p. 71, pl. 14, fig. 23; Betten, 1934, p. 152 (under 
Orthotrichia pallida). 


Rare; June 18 to Sept. 10. 


Polytrichia tarsalia (Hagen) 
(Plate V, fig. 10) 
Hydroptila tarsalis Hagen, 1861, p. 275; Betten, 1934, p. 154 (under the name H. 
tarsalis), p. 12, figs. 11-14 (under the name P. confusa Morton). 


Rare; July 4 to Sept. 8. 
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Hydropsychidae 


Cheumatopsyche Campyla Ross 
(Plate V, fig. 14) 
Ross, 1938 b, p. 152, fig. 85. 
Most abundant species in the collection; 9117 males, 8065 females; 
numerous during first part of June and latter part of August but only 
occasional in July; May 25 to Oct. 12. 


Hydropsyche recurvata Banks 
(Plate V, fig. 13) 


Hydropsyche slossonae var. recurvata Banks, 1914, p. 2538, fig. 73; 
Hydropsyche codona Betten, 1934, p. 187, pl. 18, figs. 10-12; 
Betten, 1934, p. 190, pl. 19, fig. 15. 


Common during late July and early August; 360 females, 183 males; 
June 2 to Oct. 5. 


Polycentropidae 


Cernotina pallida (Banks) 
(Plate VI, fig. 19) 
Cyrnus pallidus Banks, 1904 a, p. 214; Ross, 1938 ¢c, p. 11, pl. 3, fig. 16. 
Occasional; 74 males, no females identified; July 8 to Aug. 27. 


Cernotina ohio Ross 
Ross, 1939, p. 628, pl. I, figs. la and 1b. 
Very rare; 6 males, no females identified. 


Neureclipsis parvula Banks 
(Plate VI, fig. 24) 
Banks, 1907 c, p. 163, figs. 2, 3; Betten, 1934, p. 210, pl. 22, fig. 8. 
Common; 604 females, 668 males; June 5 to Oct. 4. 


Nyctiophylax marginalis Banks 
(Plate VI, fig. 17) 
Banks, 1930, p. 231, fig. 15; Cyrnellus zernii Mosely, 1934, p. 142; Betten, 1934, p. 


995 


“sv. 


Abundant in early August; 3852 males, females unidentified; June 1 
to Sept. 5. 


Nyctiophylax vestitus (Hagen) 
(Plate VI, fig. 16) 

Polycentropus vestitus Hagen, 1861, p. 293; Nyctiophylax moestus Banks, 1911, p. 
359; Phylocentropus vestitus (Hagen). Banks, 1914, p. 256, pl. 10, fig. 35; Betten, 
1934, p. 225, pl. 25, figs. 2-9. 

Abundant; especially in July; 2696 males; females unidentified; 

June 19 to Sept. 11. 
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Phylocentropus placidus (Banks) 
(Plate VI, fig. 20) 
Holocentropus placidus Banks 1905, p. 15; Betten, 1934, p. 212, pl. 23, figs. 2-8. 
Occasional in early August; 96 males, 17 females; June 5 to Sept. 9. 


Plectrocnemia cinerea (Hagen) 
(Plate VI, fig. 21) 


Polycentropus cinereus Hagen, 1861, p. 293; Holocentropus flavicornis Banks, 1907, 
p. 162, fig. 1; Plectrocnemia pallescens Banks, 1930, p. 231, fig. 3; Betten, 1934, 
p. 217, pl. 24, figs. 1-8 (figures under the specific name canadensis Banks). 


Very abundant with peaks of abundance in late June and late 
August; 3503 females, 5354 males; June 3 to Oct. 4. 


Polycentropus confusus Hagen 
(Plate VI, fig. 18) 
Hagen, 1861, p. 293; Plectrocnemia confusa (Hagen), Betten, 1934, p. 218. 


Very rare; 7 males, no females identified; June 1 to July 25. 


Psychomyella flavida (Hagen) 
(Plate VI, fig. 22 


Psychomyia flavida Hagen, 1861, p. 294; Psychomyta pulchella Banks, 1899, p. 217; 
Quissa flavida (Hagen), Milne, 1934-36, p. 87; Betten, 1934, p. 230, pl. 25, 
figs. 14-16; Ross, 1938 c, p. 14, pl. 3, fig. 19. 


Abundant in August; 1785 females, no males; June 2 to Aug. 30. 


Psychomyia diversa Banks 
(Plate VI, fig. 23) 
Banks, 1914, p. 253; fig. 64; Betten, 1934, p. 229. 
Very rare; 6 males, no females identified; June 8 to Aug. 18. 


Molannidae 


Molanna uniophila Vorhies 
(Plate V, fig. 11) 
Vorhies, 1909, p. 705, pl. 53, fig. 6, pl. 57, figs. 11-12; Betten, 1934, p. 246, pl. 30, 
figs. 1-10 (under the specific name cinerea Hagen). 
Common in late June and early July; 52 females, 827 males; June 15 
to Sept. 8. 


Leptoceridae 


Athripsodes ancylus (Vorhies) 
(Plate VII, fig. 36) 


Leptocerus ancylus Vorhies, 1909, p. 691, pl. 58, figs. 8, 13-15; Betten, 1934, p. 254, 
pl. 31, figs. 3, 4. 


Occasional; 73 males, females unidentified; June 21 to Aug. 28. 
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Athripsodes angustus (Banks) 
(Plate VII, fig. 38) 


Leptocerus angustus Banks, 1914, p. 263, pl. 15, fig. 40; Betten, 1934, pl. 32, fig. 8 
(under the name Leptocerus variegatus Hagen). 


Common in early July; 1053 males, females unidentified; July 1 to 
Sept. 1. 
Athripsodes cancellatus (Betten) 
(Plate VII, fig. 34) 
Leptocerus cancellatus Betten, 1934, p. 256, pl. 31, figs. 11, 12. 
Common in July, 860 males, females unidentified; June 20 to Sept. 10. 


Athripsodes dilutus (Hagen) 
(Plate VII, fig. 42) 
Leptocerus dilutus Hagen, 1881, p. 277; Betten, 1934, p. 256, pl. 31, fig. 13. 
Rare; 7 males, females unidentified; June 4 to June 30. 


Athripsodes erullus Ross 
(Plate VII, fig. 40) 
Ross, 1938 a, p. 89, 90, pl. 1. 
Common in early June, 127 males, females unidentified; June ‘ 
June 8. 


Athripsodes resurgens (Walker) 
(Plate VII, fig. 37) 


Leptocerus resurgens Walker, 1852, p. 70; Leptocerus variegatus Hagen 1861, p. 
Leptocerus aspinosts Betten, 1934, p. 255, pl. 31, figs. 5-10. 


Common in early June; 324 males, females unidentified; June : 
June 30. 


Athripsodes saccus Ross 
(Plate VII, fig. 40) 
Ross, 1938 a, p. 90, pl. 1. 


Common in early June; 195 males, females unidentified; June 
June 27. 
Athripsodes submaculus (Walker) 
(Plate VII, fig. 41) 
Leptocerus submaculus Walker, 1852, p. 70; Betten, 1934, p. 260, pl. 32, figs. 1-4. 
Limited to early June (June 2 to June 6); 49 males, females 
unidentified. 
Athripodes tarsipunctatus (Vorhies) 
(Plate VII, fig. 35) 


Leptocerus tarsi-punctatus Vorhies, 1909, p. 694, pl. 58, figs. 16, 17; Betten, 1934, 
p. 261, pl. 32, figs. 5, 6. 


Common in early July; 250 males, females unidentified; June 23 to 
Sept. 10. 
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Leptocella exquisita (Walker) 
(Plate VII, fig. 33) 
Leptocerus exquisitus Walker, 1852, p. 72; Setodes exquisita (Walker) Hagen, 1861, 
p. 280; Betten, 1934, p. 265, pl. 33, figs. 9, 10. 


Occasional; July 3 to Aug. 10; 7 females, 26 males. 


Leptocella sp. 


The identification of this species is uncertain. It is undoubtedly 
different from exquisita but at this time the genital characters of most 
species of this genus are not accurately enough known to insure correct 
identification. 


Occasional; June 20 to Sept. 11; 68 females, 29 males. 


Oecetis avara (Banks) 
(Plate VI, fig. 27) 
Setodes avara Banks, 1895, p. 316; Oecetina avara (Banks), 1904, p. 213; Oecetodes 
avara (Banks), Ulmer, 1907, p. 144; Betten, 1934, p. 269, pl. 34, figs. 1-3. 


Abundant; 2160 females, 1013 males; July 4 to Sept. 10. 


Oecetis cinerascens (Hagen) 
(Plate VI, fig. 26) 
Setodes cinerascens Hagen, 1861, p. 282; Oecetina fumosa Banks, 1899, p. 216; Ocece- 


todes fumosa (Banks), Ulmer, 1907, p. 144, pl. 19, fig. 179; Betten, 1934, p. 273, 
pl. 35 (under the specific name O. resurgens (Walker) ). 


Occasional; 64 females, 155 males; June 17 to Sept. 11. 


Oecetis eddlestoni Ross 
(Plate VI, fig. 29) 
Ross, 1938 b, p. 160, fig. 96. 
Common in July and August; 479 females, 44 males; June 1 to 
Aug. 27. 


Oecetis immobilis (Hagen) 
(Plate VI, fig. 30) 
Setodes immobilis Hagen, 1861, p. 238; Leptocerus immobilis (Hagen), Banks, 1907 b, 
p. 45; Betten, 1934, p. 270, pl. 34, figs. 4, 5. 


Occasional; 56 females, 142 males; June 19 to Sept. 10. 


Oecetis inconspicua (Walker) 
(Plate VI, fig. 25) 

Leptocerus inconspicua Walker, 1852, p. 71; Setodes micans Hagen, 1861, p. 283; 
Setodes sagitta Hagen, 1861, p. 284; Setodes flaveolata Hagen, 1861, p. 282; 
Oecetina flavida Banks, 1899, p. 216; Oecetina parvula Banks, 1899, p. 215; 
Betten, 1934, p. 271; pl. 34, figs. 6-11 (under the name O. incerta (Walker) ). 
One of the most abundant species of the region; 6408 females, 4130 

males; peaks of abundance in early July and early August; June 6 to 

Oct. 4. 
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Oecetis persimilis (Banks) 
(Plate VI, fig. 28) 


Oecetina persimilis Banks, 1907 b, p. 129; Betten, 1934, p. 272, pl. 34, fig. 12, pl. 35, 
fig. 1. 


Very rare; 3 males, no females; Aug. 2 to Aug. 14. 


Mysticides sepulchralis (Walker) 
(Plate V, fig. 12) 
Leptocerus sepulchralis Walker, 1852, p. 70; Betten, 1934, p. 281, pl. 38, figs. 1-13. 
Very rare; 5 females, 2 males; June 8 to Sept. 8. 


Triaenodes flavescens Banks 
(Plate VII, fig. 31) 


Banks, 1900 a, p. 257; Betten, 1934, p. 284, pl. 39, figs. 1-3 (under the name T. ignita 
(Walker) ). 


Rare; 8 males, females unidentified; June 27 to July 30. 


Triaenodes injusta (Hagen) 
(Plate VII, fig. 32) 
Setodes injusta Hagen, 1861, p. 283; Betten, 1934, p. 285, pl. 39, figs. 4-6. 


Rare; 5 males, females unidentified; June 23 to Sept. 7. 


Limnephilidae 


Limnephilus submonilifer Walker 


Walker, 1852, p. 33; Limnephilus pudicus Hagen, 1861, p. 262; Gontotaulius pudicus 
(Hagen), Hagen, 1864, p. 816; Anabolia submonilifer (Walker), Dohler, 1915, 
p. 407, figs. 15, 16; Rheophylax submonilifer (Walker) Sibley, 1926, p. 107; 
Betten, 1934, p. 340, pl. 48, figs. 1, 2 (under Rheophylax submonilifer (Walker) ). 
Very rare; 3 males, no females; May 25, Sept. 9, and Oct. 4. This 
species is apparently limited to late spring and early fall. 


Sericostomatidae 


Helicopsyche borealis (Hagen) 
(Plate V, fig. 15) 


Notidobea borealis Hagen, 1861, p. 271; Helicopsyche annulicornis Banks, 1904 b, 
p. 212, pl. 2, fig. 12; Betten, 1934, p. 417, pl. 66, figs. 1-10, pl. 67, figs. 1-5. 


Abundant in late June and early July; 694 females, 2209 males; 
June 15 to Sept. 9. 
Lepidostoma sp. 


Two females of this genus were recorded. Since there were no 
males, the identification to species is uncertain. 
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SEASONAL OCCURRENCE 


The problem, when first considered, consisted not only of 
learning what species were present in this region, but their 
relative abundance. Consequently, it was necessary to collect 
in large numbers, and, as nearly as possible, throughout the 
entire season. At the very beginning of the summer, we became 
interested in the fact that certain species which were numerous 
for a few days suddenly declined and were replaced by others. 
Later, it became apparent that some of those species which had 
almost or entirely disappeared were returning and ultimately 
reaching another peak of abundance. The occurrence of two 
such brood flights has been frequently observed in Europe, and 
has also received some comment in America. According to 
Mrs. Davis (Betten, 1934, pp. 82, 89) a certain species may have 
one brood a year in one locality and two in another. It is sug- 
gested that the second brood may or may not be descendants of 
the first. In case they are not, the winter has merely been 
passed in different larval stages. However, it seems quite pos- 
sible, or even probable, that the individuals comprising the 
second peak are the actual descendants of those of the first. 
Laboratory experiments have shown that the rate of develop- 
ment of the larvae is greatly influenced by temperature, as might 
well be expected. Food may also be a factor. Mrs. Davis 
states that the larval stages in the summer may last not more 
than twenty days, while in winter they may last several months. 
These facts, together with the data represented on the accom- 
panying graphs seem to indicate that there are actually two 
generations per season in several of the species, although a study 
of the larvae of these groups in their natural habitat would be 
necessary before definitely concluding that such is the case. 

Graphs were made of each species in an effort to show 
whether any showed definitely the occurrence of two broods. 
These graphs clearly indicate such an occurrence in several 
species, and just as clearly indicate that other species are lim- 
ited to but- one peak of abundance. Many species were not 
caught in sufficient numbers to confirm any statement in this 
respect. 

The graphs show the number of each species actually col- 
lected on each day. The graphs are necessarily irregular because 
of variations in conditions for collection. On several occasions 
collections were impossible. Such factors as wind, temperature, 
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rain, and moonlight, as has been stated before, have such an 
effect upon collecting that the data is not as comparable as is 
to be desired. It is impossible to correct for such factors, but 
their effects cannot be ignored altogether. The following graphs, 
nevertheless, clearly indicate two peaks of abundance for sev- 
eral species. A superficial study of these graphs might lead one 
to believe that few insects were collected in July. However, on 
the whole, the July collections were particularly good but made 
up mostly of species not included in the graphs. 


SPECIES WITH TWO PEAKS OF ABUNDANCE 


Cheumatopsyche campyla Ross (plate I), a species which has only 
recently been described, was by far the dominant species of the region. 
These insects were not only more numerous (17,173 specimens) but 
enjoyed a longer season than any of the others. The first catch on May 
25 was almost limited to the 87 specimens of C. campyla, while on 
October 11 the light attracted only 16 individuals, all of which belonged 
to this species. Peaks were reached in early June and late August, with 
1,229 specimens being recorded for August 30. 

Plectrocnemia cinerea (Hagen) (plate I) appeared first on July 3 and 
last on October 4. This species was numerous in late July and then 
again during the middle and latter part of August and early in Sep- 
tember. The number of individuals in the second brood or generation 
was far greater than in the first. They were quite rare in late July. 
A total of 8,857 specimens of this species make up the graph. The 
greatest number caught on any one day was about six hundred on 
September 8, and as many as three or four hundred are recorded for 
several other days. 

Oecetis inconspicua (Walker) (plate II) comprised the second dom- 
inant group with 10,530 specimens, 2,370 of which were caught on a 
single night, July 4. The season was limited from June 6 to October 4. 
Although the two peaks of this species are not shown quite so clearly 
because they are so close together, they are, nevertheless, apparent 
when one considers the few O. inconspicua captured the middle of July 
in contrast to the great numbers of other species. Since, as will be 
discussed later, a definite tendency of some species to occur in only one 
brood in a season seem consistent within certain genera, some curiosity 
was entertained as to whether all the species of Oecetis occurred in two 
peaks. Accordingly graphs were made of O. avar, cinerascens, eddlestoni, 
immobilis, and persimilis. However, since these species are not found in 
such vast numbers, it is impossible to make any conclusion as to their 
possible peaks of abundance. It is observed, however, that these species 
do occur over a rather long period of time, as do also certain species 
which have two peaks, in contrast with the comparatively restricted 
season of the species which are apparently limited to one brood. 

Helicopsyche borealis (Hagen) (plate II) occurred in two broods, 
the first of which was far greater than the second. The season lasted 
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from June 15 to September 9, with peaks in late June and early July, 
and again in the middle of August. Two thousand nine hundred and 
three specimens are represented on the graph, 280 of which were caught 
on July 2. 

Limnephilus submonilifer Walker is not demonstrated on a graph 
since only three specimens were caught, May 25, September 9, and 
October 4. Its early and late appearance has been noticed by Betten 
and Vorhies (Betten, 1934, p. 82) (Rheophylax submonilifer). Although 
very rare, its occurrence is apparently limited to spring and fall 
in this region also. If we may assume this to be true on the basis of 
the observations of these two men, in spite of the fact that our series is 
too limited to justify any such statement, the period between the two 
generations or broods must be far greater than for any other species in 
the region. 


SPECIES WITH ONE PEAK OF ABUNDANCE 


While, on one hand, several species occur in two definite broods, 
several other species appear just as definitely to be limited to one. Two 
genera, Athripsodes and Nyctiophylax exemplify this condition especially 
well. We have mentioned before the possibilities that the one or two 
brood occurrence might be consistent with a genus, and while such 
could not be demonstrated in the groups previously discussed, it is here 
indicated that all of the species of these two genera reach but one peak 
of abundance. Most of these groups have a fairly limited season, some 
of them occurring only for a very few days. Unfortunately, in both of 
these genera the females are not included in the chart since their iden- 
tification is not certain. One might immediately wonder if the two 
peaks of the species previously discussed represents peaks of the two 
sexes, but such is not the case. 

Nyctiophylax vestitus (Hagen) (Plate III), although its season was 
limited from June 19 to September 11, was most numerous in early and 
middle July. Two thousand six hundred and ninety-eight males were 
caught throughout the summer, the greatest number for one night 
being 214 on July 15. 

Nyctiophylax marginalis Banks (Plate III), was limited to practically 
the same dates, but reached its peak in early and middle August. The 
total number of males for the season was 3,852, the highest number for 
a single night being 1,896 on August 12. 

Nine species of Athripsodes are included on a single chart to show a 
comparison of their seasonal range and abundance. A. erullus, saccus, 
submaculus, resurgens, and dilutus were limited to June, with indications 
of being most abundant in the early part of the month. A. erullus and 
submaculus were curiously restricted to only a very few days in early 
June. On the other hand, other species of this genus, namely augustus, 
tarsipunctatus, ancylus, and cancellatus were collected over a much 
longer period of time, and their peaks of abundance occurred from early 
to middle July, as indicated on the chart. The number of males caught 
of each species are as follows: A. ancylus 73, augustus 1,052, cancellatus 
860, dilutus 7, erullus 127, resurgens 324, saccus 211, submaculus 49, and 
tarsipunctatus 250. 
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SEX VARIATION IN ABUNDANCE 


It has been observed in many insects that one sex emerges 
slightly before the other, and accordingly the peak of abundance 
of one sex slightly precedes that of the other. An effort was 
made to find if such was the case in Trichoptera by plotting the 
females and males separately on graphs. Although the insects 
may live for several days, the numbers collected may be con- 
sidered at least a partial index of their emergence. These 
graphs of each species were carefully studied, but no evidence 
was presented to confirm any statement regarding sex variation 
as to time of emergence for the group as a whole or for any 
individual species. 

It was observed, however, that in many cases one sex far 
outnumbered the other. In rare species, of course, no import- 
ance can be attached to this difference in numbers. Several 
species, on the other hand, occurred in sufficient numbers that 
this discrepancy might be regarded as of some significance. 
Ilydropsyche recurvata (360 females, 183 males), Molanna unt- 
ophila (52 females, 827 males), Oecetis avara (2,160 females, 
1,013 males), Ocecetis eddlestoni (479 females, 44 males), Heli- 
copsyche borealis (694 females, 2,209 males), Psychomyella 
flavida (1,785 females, no males), may be cited as examples. 
In these cases, the insects were so common that it would scarcely 
seem that these differences in numbers could be attributed 
altogether to mere chance. There may be two explanations of 
these differences. Either the species do not occur in equal num- 
bers in nature or there is some inequality in their phototrophic 
responses. Psychomyella flavida offers the most striking example 
with 1,780 females and no males. Since all the males in the 
collection were identified, and closely related species were 
carefully rechecked in a search for these missing males, there is 
no doubt that this data is correct. Sibley reports a similar sit- 
uation with 893 females and no males (Betten, 1934, p. 230), 
although it is not stated whether or not the collection was made 
by lights. This data might suggest the possibility of partheno- 
genesis in this species. The male of this species, however, is 
found in the Banks collection and the genitalia illustrated by 
Ross (1938 ¢c). It is well known that in other groups of insects 
which are generally considered phototrophic, nonphototrophic 
sexes do occur. Since we have no experimental proof in this 
regard, we may mention only the possibilities of such condition 
among the 7richoptera. 
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SUMMARY 


1. The specific characters, especially those of the genitalia, 
of Trichoptera are such that the order may be divided into 
species. The season’s collection by light traps on or near Gibral- 
tar Icland in Lake Erie is made up of 70,000 specimens, 
representing 7 families, 21 genera, and 47 species. 

2. Two-brood flights of some species of adult T7richoptera 
occur in the Lake Erie region, for example, Plectrocnemia cinerea, 
Helicopsyche borealis, Cheumatopsyche campyla, and Oecetis incon- 
spicua. It is quite possible, and even probable, that the indi- 
viduals of the second brood are the descendants of those of the 
first, making two generations in one season. 

3. Other species are definitely limited to one brood or gen- 
eration; two species of Nyctiophylax and nine species of Athrip- 
sodes demonstrate this condition particularly well. The fact 
that here all the species of these genera in this region are con- 
sistently of the one-brood type brings up the possibility that the 
one or two mode condition is of some generic significance. 
These one-brood species are limited to a much shorter season 
than those which are used to demonstrate the two broods. 

4. Other species are not common enough to derive any con- 
clusions as to the peak or peaks of abundance. 

5. No evidence is found in the light trap material that one 
sex emerges slightly before the other. 

6. The difference in number of males and females of several 
species in the collection suggests two possibilities, unequal 
distribution in nature or unequal phototrophic responses. The 
complete absence of males of Psychomyella flavida in contrast to 
1,730 females collected by light raises the question as to whether 
these males and perhaps even both sexes of other species are 
attracted to light at all. 
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; 2-H. albicornis 3-H augusta 
1-A. multipunctata 


Te Ee 


4-H. hamata 5-H. spatulata 6-H. waubesiana 





Be 


8-O. americana 





5-I. clavata 


9-O. pallida 





JO -PR tearsol’s 





11-4, uniophile 1l2-M. sepulchralis 





13 ~H. boreolis 


/3-H. recurvara /4-C. campyla 


(Male Genitalia) 

Fig. 1. Agraylea multipunctata Curtis. 2. Hydroptila albicornis Hagen. 
3. Hydroptila angusta Ross. 4. Hydroptila hamata Morton. 5. Hydroptila spat- 
ulata Morton. 6. Hydroptila waubesiana Betten. 7. Ithythucia clavata Morton. 
8. Arthotrichia americana Banks. 9. Oxythira pallida (Banks). 10. Polytrichia 
tarsalis (Hagen). 11. Molanna uniophila Vorhies. 12. Mysticides sepulchralis 
(Walker). 13. Hydropsyche recirvata Banks. 14. Cheumatopsyche campyla Ross. 
15. Heliopsyche borealis (Hagen). 
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& 


16 -NA vestiftus 


20-P. placidus 
1/9 -C. potida 


D 23-R oiversa 


22-P flavida 


27-Oavara 


: 30-0. immobilis 
2£8-O. persinilis 29-0. eddlestorv 5 
(Male genitalia) 

Fig. 16. Nyctiophylax vestitus (Hagen). 17. Nyctiophylax marginalis Banks. 18. 
Polycentropus confusus Hagen. 19. Cornotina pallida (Banks). 20. Phylocentropus 
placidus (Banks). 21. Plectrocnemia cenerea (Hagen). 22. Psychomyella flavida 
(Hagen) (female genitalia). 23. Psychomyia diversa Banks. 24. Neurechipsis 
parvida Banks. 25. Occetis inconspicua (Walker). 26. Oecetis cenerascens (Hagen). 
27. Oecetis avara (Banks). 28. Oecetis persimilis (Banks). 29. Oecetis eddlestoni 
Ross. 30. Oecetis immobilis (Hagen). 
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JI-L. exguisita 


I2-T. injusta 






J4-A. cancellotus 


38 -A. angustus I-A, erulliss 


I7-A. resurgens 


y 





4AO-A. saccus 4/-A. submaculus 42 -A. dilutus 


(Male Genitalia) 

Fig. 31. Trianodes flavescens Banks. 32. Trianodes injusta (Hagen). 33. Lep- 
tocella exquisita (Walker). 34. Athripsodes cancellatus (Betten). 35. Athripsodes 
tarsipunctatus (Vorhies). 36. Athripsodes ancylus (Vorhies). 37. Athripsodes 
resurgens (Walker). 38. Athripsodes angustus (Banks). 39. Athripsodes erullus 
Ross. 40. Athripsodes saccus Ross. 41. Athripsodes submaculus (Walker). 42. 
Athripsodes dilutus (Hagen). 
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ON TYPE NOMENCLATURE 


H. T. FERNALD 
Winter Park, Florida 


In this paper no consideration is given to types of genera 
(Genotypes), as these terms do not apply to actual specimens. 
Here only those terms are dealt with in which specimens are 
concerned. It is true that when a new genus with a single 
original species is described from one specimen this will be not 
only the type of the species but also a genotype, but even 
then it is the genotype in an abstract and not in a concrete sense. 

The writer has been unable to learn who first described a 
new species of animal, plant or fossil and after completing his 
description attached to the specimen a label marked ‘‘Type,”’ 
‘“Typical Specimen,’’ or some such distinctive word or phrase. 
But whoever he was, he certainly raised the lid of Pandora’s 
box, beginning the liberation of a list of terms now over one 
hundred in number and sure to increase further. 

To fully appreciate the present situation it seems desirable 
to present this list here, together with explanatory statements 
or definitions of the meaning of the different names, and this 
has kindly been furnished me by Dr. C. P. Alexander, of the 
Massachusetts State College, as follows. Any reference to this 
list should, of course, be credited to him. 


List OF TyPE NAMES PROPOSED THUS FAR! 


TYPE MATERIAL 


All specimens that have served as the basis for published 
primary and supplementary descriptions and figures of 
organisms. 


1. PRIMARY TYPES or Proterotypes. 
The original specimens of any described or figured new species. 
These include: 
Allotype, Chirotype, Cotype, Holotype, Lectotype, Paratype 
and numerous minor divisions discussed below. 


'The earlier published summaries of type terms given by the late Walther Horn 
(‘Ueber den musealen Missbrauch mit Insekten-Typen,’’ Xe Congrés Internat. 
d. Zool., sect. 6, pp. 1022-1042, 1929), and by Donald Frizzell (‘‘Terminology of 
Types,’’ Amer. Midland Naturalist, 14 (6) 637-668, 1933), are incomplete and are 
published in journals not readily accessible to students of entomology. 
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SUPPLEMENTARY TYPES. 


The described or figured specimens used by any authors to sup- 
plement or correct knowledge of a previously defined species. 


These include: 
Neotype, Heautotype, Plesiotype and others of lesser value. 


TYPICAL SPECIMENS (ICOTYPES). 

Specimens that have not been used in published descriptions or 
figures, but consist of material which authors have worked on 
or such as have been collected at the original locality. 

The best known of such are: 
Homotype, Idiotype, Metatype, and Topotype. 


TYPE DESIGNATIONS 


. Adelfotype: A topotype obtained by the original collector of the 


species. Specimens from the type locality and by the original col- 
lector (but not of the original series). 
Dallas, Rev. Chil. Hist. Nat., 31: 212; 1927. 

Aedeotype (Aedoeotypus): The first specimen of a species to have 
the genitalia studied, together with the genital preparation. See 
Holaedoeotypus, Paraedoeotypus. 

Toxopeus, 3d. Internat. Ent. Kongress, Zurich, 2: 468; 1925 (26). 

Allohomoitype: A homotype (homoeotype) of the same sex as the 
allo- or lectoallotype. 

Betrem, Treubia, 9, Suppl., pp. 3, 246; 1928. 


. Allolectotype: An allotype chosen by subsequent designation. 


Betrem, 1. c., pp. 3, 223, 272, 290; 1928. Same as Lectoallotype. 
(Compare also the definition of Allotype.) 
Alloparalectotype: Paratypes belonging to the opposite sex from that 
described by the original author and chosen subsequently. 
Betrem, 1. c., p. 3; 1928. (Compare Holotype, Allotype, Holo- 
paralectotype.) 


). Alloparatype: A paratype of the same sex as the allotype. 


Betrem, l. c., p. 3; 1928. 


. Alloplesiotype: A hypotype (Plesiotype) of the same sex as the 


allotype. 
Betrem, 1. c., p. 3; 1928. 


Allotopotype: An allotype from the same locality as the holotype. 
As intended for use, with the holotype, chiefly to avoid long, 
cumbersome, locality repetition. 

Alexander, Ann. Ent. Soc. Amer., 12: 328; 1919. 


Allotype: An important term that has been variously interpreted by 
subsequent students. 
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The following quotation is given to explain the confusion (Alexander, 
Philippine Journ. Sci., 51: 383; 1933). 

“There are two distinct ways in which the allotype, or type of the 
opposite sex from that of the holotype or lectotype may be selected. It 
may either be part of the original series of specimens and be chosen 
from such series either by the original author, or by a subsequent 
author; or, it may be a specimen quite apart from the original series, 
selected at a subsequent date by the original describer of a species or 
by any later student. Probably far more than one-half of all described 
insects have been based upon a single or unique type, and according to 
the first interpretation of the word “allotype,”’ such species could never 
be represented by a specimen of the opposite sex. In recent years, 
certain writers have suggested additional type categories to accommmo- 
date the second option above listed, that is, the selection of an allotype 
from material not at hand at the time of the original description of a 
species. Betrem (l. c. p. 3; 1928) proposed for such a term ‘Allolecto- 
type,’ not being acquainted with the earlier term ‘Lectoallotype’ pro- 
posed by Curran two years earlier (Can. Ent., 58: 311; 1926). In the 
opinion of the present writer, both of these latter terms are synonyms 
of the original definition of Allotype, as proposed by Muttkowski (Bull. 
Public Museum Milwaukee, 1:10; 1910). This writer clearly says: ‘The 
allotype need not be described by the protologist (first describer) ; it can 
be contained in the original as well as any subsequent description by 
other authors. Thus if the protolog describes only a holotype male, the 
first female subsequently described is to be called the allotype.’ 

“In the light of this clear exposition of what was intended in the 
original proposal of the term, it would seem that if two distinct terms 
were required to accommodate the two possibilities above listed it 
would be necessary to propose a new term for the case where the second 
sex is described coincidentally with the definition of the holotype.” 


The following possibilities exist: 

1. A specimen of opposite sex to holotype, chosen later, either by the 
author or by any subsequent student, not necessarily from the 
original type-series. Muttkowski, 1910. 

Synonyms: Allolectotype, Lectoallotype, Neallotype? 

2. A paratype specimen of opposite sex to holotype, chosen coinci- 
dentally by the original author. 

As interpreted by many students, who have proposed the 
terms listed under 1 for this latter alternative. 
A third term Allotype has been proposed: 

“A specimen chosen by the original author of a species 
to show morphologic features not exhibited by the holo- 
type. For example, the holotype of a fossil Brachiopod 
might be the dorsal valve; the ‘Allotype’ the ventral valve.”’ 

Burling, Journ. Wash. Acad. Sci., 2: 519; 1912. 

Howell, Bull. Geol. Soc. Amer., 40: 219; 1929. 

On March 3, 1938, in reply to a request for more specific 
information, Muttkowski substantiated the definition of allo- 
type, as given above. He writes: 
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“By Allotype I meant to designate a specimen of the 
opposite sex, regardless of date taken, place taken, or author 
describing it; it might be a member of the original series and 
be designated as allotype by the author giving the original 
name, or be so designated by a later author from the original 
series; or it might be designated by a later author from a 
specimen taken at a later date and a different locality. In 
other words the definition was to be as inclusive as possible, 
to prevent undue ‘splitting’.””, Muttkowski writes that this 
term was proposed only after much discussion between Pro- 
fessor Brues, Dr. Graenicher, Dr. Peckham and others in the 
Milwaukee group at that time (1910), primarily interested in 
taxonomy. 


Androtype: A designated original specimen of the male sex. 
Banks and Caudell, Entomological Code, p. 15; 1912. 
Anirotype: (Synonym of Chirotype). 
Dallas, Rev. Chil. Hist. Nat., 31: 211; 1927. 

Apotype (as a species): Equals Hypotype. Hypotype was consid- 
ered preoccupied and “‘apotype”’ proposed as a substitute. The 
earlier use of Hypotype was not in Biology and the substitution 
is not considered necessary. 

Schuchert & Buckman, Ann. Mag. Nat. Hist., (7), 16: 103; 
1905. 
Banks and Caudell, 1. c., 15; 1912. 

Architype: A specimen w hich formed the basis of publication of a 
species previous to the modern type -interpretation. Unless 
such a specimen is included in one of the modern categories (in 
which it will be so termed) it cannot be included with types. 

Dallas, 1. c., 31: 214; 1927. 

Arquetype: Equals Architype. 

W. Horn; Xe. Congress Intern. Zool., sect. 6: p. 1025; 1929. 

Associate Type: Equals Syntype, Cotype. 

Schuchert, Bull. U. S. Nat. Mus., 53: 11; 1905. 


Autotype (as a species): A specimen illustrated by the author of a 
species after the date of publication. The term having been 
earlier used in printing (for a type of printing block) its author 
changed the name to ne. (Schuchert, 1905). 

Schuchert & Buckman, 1. 103; 1905. 
This differs from Sadun (Hypotype) i in that it must be the 
author himself who adds the information. 

Basic Types: Equals Primary Types. 

Howell, Bull. Geol. Soc. Amer., 40: 215; 1929. 

Chirotype: A specimen upon which an unpublished name (i. e., a 
nomen nudum, chironym) is based. Anirotype, Quirotype. As 
soon as a chirotype is properly published, it becomes either a 
holotype or some other degree of primary type. 

Schuchert, 1. c., 53: 9, 12; 1905. 
Schuchert & Buckman, 1. c., 104; 1905. 
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Chorotype: A fossil specimen collected from the same stratum as 
the type, but from a neighboring locality. 
Buckman, Types Ammonites, 3: 11; 1920. 


Clastotype: A part or fragment of the type specimen of a species. 
Proposed for use in Botany. 
W. T. Swingle, Journ. Wash. Acad. Sci., 2: 344; 1912. 

Clonotype: A specimen taken from a vegetatively propagated part 
of the individual plant from which the type specimen was 
obtained. Used in Botany. 

Swingle, 1. c., 345; 1912. 

Collateral Type: Any specimen used in the description of a species, 

with the exception of the primary types. 
Schuchert, Science (n. s.) 5: 636; 1897. 

Cotype (1, equals syntype): Any specimen of the author’s original 

material when no holotype was designated. 
Oldfield Thomas, 1893. 
Cossmann, Revue Critique de Paleozoologie, 74; 1904. 
Schuchert, 1. c., 53: 11; 1905. 

(This is the interpretation commonly used in America.) 

(2, equals paratype): Any specimen of the original series of type 
specimens excepting the holotype and allotype. 

(Used in this sense especially in England; a synonym of paratype 
as commonly used in America). 

Cyrioplesiotype: The principal or typical specimen among several 
plesiotypes. 

Knight, Journ. Paleontol., 4, suppl. 1: 27; 1930. 

Electotype: Undefined; employed in the case of a species with a 
poorly preserved holotype, for a specimen from a locality other 
than the type locality, but which agrees closely with the orig- 
inal description. 

Etherington, Univ. Cal. Publ., Bull. Dept. Geol. Sci., 20: 
100; 1931. 

Ergatotype: The type of a worker in case of polymorphic Hymen- 
optera. (Carpenter, 1930). This is very close to the meaning of 
Morphotype and is probably an unnecessary term. 

Figure-Type: A term applied to the original figure. (See also 
Fototype). 

Schuchert & Buckman, 1. c., 15; 1905. 

Fototype: A photograph of a type, rather than a type specimen, 

and thus usually omitted from nomenclatural consideration. 
Dallas, 1. c., 31: 213; 1927. 

Genotype (as a species): A specimen upon which a genus is based, 
but not necessarily the holotype of the type-species. This usage 
conflicts with current practice. 

Buckman, Types Ammonites, 6: 5; 1926. 
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30. Gynetype: The original specimen of the female sex. A designated 
type specimen of the female sex of a species. Compare Andro- 
type (co). 

Banks and Caudell, 1. c., 15; 1912. 

31. Heautotype: Proposed to replace “‘Autotype’’ which was consid- 
ered preoccupied. See also Hypotype. 

Schuchert & Buckman, Ann. Mag. Nat. Hist., (7), 16: 103; 
1905. 
Schuchert, 1. c., 53: 9, 14; 1905. 

32. Hipotype: Equals Hypotype (Dallas, 1927). 

33. Holaedotype (Holaedoeotypus): An aedeotype, the preparation 
being made from the holotype of the species. 

Toxopeus, |. c., Bd. 2: 468; 1925. 

34. Holohomoitype: A homoetype of the same sex as the holo- or 
lectotype. 

Betrem, 1. c., 9, suppl. 3; 1928. 

35. Hololectotype: Equals Lectotype. 

Betrem, 1. c., 3; 1928. 

36. Holoparalectotype: Paratypes from the type-series, chosen subse- 
quently to the original definition, belonging to the same sex as 
the holotype of the species. Contrasts with Alloparalectotype. 

Betrem, 1. c., 3; 1928. 

37. Holoparatype: Paratypes of the same sex as the holotype. Con- 

trasts with Alloparatype. 
Betrem, |. c., 3; 1928. 

38. Holoplastotype (Equals plastotype): Undefined, but inferred from 
the reference to be the cast of a holotype. 

Grabau, Principles of Stratigraphy, p. 919; 1913. 


39. Holoplesiotype: Plesiotype (Hypotype) of the same sex as the 
holotype. Contrasts with Alloplesiotype. 

Betrem, 1. c., 3, 1928. 

40. Holotype: 1. The single specimen that serves as type. It may be 
of either sex and must be selected at the time of first description 
of the species. 

Schuchert, Science (n. s.), 5: 637; 1897. 

Schuchert, Bull. U. S. Nat. Mus., 53, pt. 1: 9, 10; 1905. 

Schuchert & Buckman, Ann. Mag. Nat. Hist.; (7), 16: 103; 

1905. 

2. As a synonym of paratype. An unfortunate use of holo- 
type due either to a typographical error or to a complete mis- 
understanding of the term. 

McGinty, Nautilus, 46: 65; 1932. 

41. Homoeotype: A specimen named by another than the author upon 
comparison with the type. Contrasts with metatype. The value 
of a homoeotype is apparent but such value is directly propor- 
tional to the standing of the scientist who makes the identifica- 
tion. When made by a leading specialist it takes on a value 
almost as great as a metatype. The term homoeotype was 
proposed as a substitute for Homotype which is preoccupied 








43. 


44, 


45. 


46. 


47. 


48. 


49. 
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in Biology. (See below). A synonym is Homeotype (Banks and 
Caudell, 1912). 
Walsingham and Durrant, “Merton Rules,” London, p. 13, 
1896. 
Schuchert, Bull. U. S. Nat. Mus. 53, pt. 1: 14; 1905. 
Schuchert & Buckman, 1. c., 104; 1905. 


2. Homotopotype: 1. A homotype from the type-locality. 


Viereck, 1914. 
2. A specimen from the type locality determined by later authors. 
Dallas, 1. c., 212; 1927. 

Homotype: 1. That which is constructed on the same plan or 

type—as metameres of the body. Nota nomenclatural term. 
Century Dictionary, 4: 2871; 1895. 
2. Equals Homoeotype; see above. 

Hypoplastotype: An artificial reproduction (model) of a supple- 
mentary type. 

Schuchert, Science, (n. s.), 5: 639; 1897. 

Hypotype: 1. A described or figured specimen, used in publication 
in extending or correcting the knowledge of a previously defined 
species. In this sense, replaces “plesiotype,” a synonym and 
homonym. 

Schuchert, 1. c., 637; 1897. 
2. Examples which are not quite typical. 
Schuchert & Buckman, 1. c., 103; 1905. 
3. Each described or figured specimen of a species. 
Dallas, 1. c., 1927. 
Iconotype: A drawing or photograph of a type. Compare Fototype. 
Dallas, 1. c., 213; 1927. 
Icoplastotype: Undefined: from text implies a cast of an Icotype. 
Grabau, Principles of Stratigraphy, 919; 1913. 

Icotype: A specimen not necessarily used in literature, but never- 
theless serving a purpose in identification. 

As first used by its authors, a general term for “Typical 
specimens.”’ 
Schuchert & Buckman, 1. c., 104; 1905. 

Ideotype: A specimen examined by the nomenclator (i. e., meta- 

typical) but not a topotype. 

Schuchert, 1. c., pp. 9, 15; 1905. 

Handlirsch, in Schréder, Handbuch der Ent., 3: 89; 1925. 
Called also Idiotype (See Schuchert & Buckman, 1. c., 104; 1905). 


. Isocotype: Equals Adelfotype; see Dallas, 1. c., 212; 1927. 
. Lectoallotype: A specimen selected from the type series at a sub- 


sequent date, of the opposite sex to holotype or lectotype. See 
Allolectotype. 

Curran, Can. Ent., 58: 311; 1926. 

Lectoallotype was also used by Burling (Journ. Wash. Acad. 
Sci., 2: 519; 1912) for the meaning of Allotype 3, q. v., no. 9, 
pt. 3. 
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.§2. Lectoholotype: Equals Lectotype. (Curran, 1. c., 311). 

53. Lectoparatype: Same as Paralectotype. (Curran, 1. c., 311). 

54. Lectotype: 1. A cotype (syntype) chosen by the author of a 
species subsequently to the original description, to take the 
place which in other cases is occupied by a holotype. In this 
sense it functions exactly as a holotype. 

Schuchert & Buckman, 1. c., 103; 1905. 

2. As above, but the choice of selecting this type is made by 
subsequent author. This also functions as a holotype. 

Handlirsch, 1. c., 89; 1925. 

In all senses, lectotype has been termed ‘‘the subsequent 
selection of a holotype” and is always ata! from a series of 
cotype or paratype specimens. (See Cotype, 1; No. 23). 

55. Merotype: A part of an organism that furnished the type specimen 
of a new species; only applicable in the case of perennial plants 
or vegetatively propagated lower animals. 

Swingle, 1. c., 212; 1912. 

56. Metatype: 1. A specimen received from the original locality 
(i. e., a topotype; in palaeontology, must be from the exact 
stratum as well) after the description has been published but 
determined as belonging to his own species by the original 
describer himself. Contrasts with Ideotype. 

Thomas, Proc. Zool. Soc. London: 242; 1893. 
Schuchert, 1. c., 9, 14; 19065. 
Schuchert & Buckman, 1. c., 104; 1905. 
A specimen subsequently named by the author of a species 
after comparison with the type. 

This meaning is the common one in America and takes no 
account of the original locality. Contrasts with Homotype. 
Walsingham & Durrant, ‘‘Merton Rules,” 1. c., 13; 1896. 
Metatopotype: A metatype from the type locality. See Metatype 
1. Contrasts with Homotopotype. 

Viereck, 1914. 

58. Monotype (as a species): The holotype of a species that was 
described from a single specimen. 

Schuchert, 1. c., 16; 1905. 


59. Morphotype: 1. A selected specimen of the second or later form 
of a dimorphic or polymorphic species. Term originally pro- 
posed by Muttkowski, 1. c., 1910, (under allotype), and not 
by Banks & Caudall, Ent. Code; 15; 1912, as commonly cited. 

In a letter, March 3, 1938, from Muttkowski, he suggests 
possible further modifications of the present term. He writes: 
““A point of the discussions we had on type nomenclature back 
in the Milwaukee days just now occurs to me. Seasonal dimor- 
phism of males, especially in connection with nuptial colors and 
structures in birds, salamanders, fish, frogs and toads, rep- 
tiles, etc., were discussed. Here Morphotype was held appli- 

cable for the dimorphic member of a sex, even if dimorphism 
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was only seasonal, hence transient and not permanent as in some 
insects.” 
2. A figured specimen not adding to knowledge of the species. 
Howell, Bull. Geol. Soc. Amer., 40: 219; 1929. 


Neallotype: The type of opposite sex to holotype. 
Durrant, Joicey & Talbot, Bull. Hill Mus., 1: 7; 1921. 
Compare with Allotype; Allolectotype; Lectoallotype. 


Neanotype: The type of a pupa (in entomology). 
Alexander, Cornell Univ. Mem. 38: 743; 1920. 


Neocotype: A new syntype, collected by a subsequent author in 
the event of loss of the original type material. 
(Compare the various definitions of Neotype). 
Howell, 1. c., 219; 1929. 


Neoholotype: A new holotype selected by a subsequent worker in 
the event of the loss of the original type material. 
(Compare Neotype). 
Howell, 1. c., 219; 1929. 


Neoparatype: A figured specimen used in addition to the type in 
re-definition of a species whose original types have been lost. 
Plummer Howell, Bull. Geol. Soc. Amer., 43: 266; 1932. 


Neosyntype: A new syntype selected by a later worker in the 

absence of any original type material. 
Howell, 1. c., 40: 218; 1929. 
Very close to No. 62. 

Neotype: 1. A topotype figured or described to represent a species 
of which the original specimen (holotype) has been lost or 
destroyed. 

Cossman, Essais de palaeoconchologie comparee, 2: 2; 1896. 

Cossman later (1904, 1. c.) modified this as follows: 

“Neotype for the specimen afterwards taken as the type of a 
species when the original type (holotype) has disappeared; but 
it seems indispensable that the new specimen should come from 
the same locality or same geological horizon.” 

2. A specimen (not necessarily a topotype) subsequently 
selected as a type when the holotype is lost or destroyed. 

Schuchert, 1. c., 13; 1905. Handlirsch, in Schréder, 1. c., 1925. 

The latter is the meaning commonly accepted by entomol- 
ogists in America. Some zoologists believe that when the holo- 
type is fragmentary, subsequently discovered material in @ 
better state of preservation, even when the type is preserved, should 
be added to the type-series as Neotypes. Thus, fossil mammals 
or reptiles originally known from a single tooth or other frag- 
ment may later be discovered in almost perfect condition and 
such specimens would become Neotypes. 


Nepionotype: The type of a larva of a species. 
Alexander, 1. c., 743; 1920. 


Norm: As commonly used, equals ‘‘typical.”’ 
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69. Onomatotype: A specimen cited in print but not adding to our 
knowledge of the morphology of a species. Compare Morpho- 
type 2, No. 59. 
Howell, 1. c., 40: 219; 1929. 
70. Ootype: 1. A genital organ in certain tapeworms. Not a nomen- 
clatural term. 
Shull, Larue & Ruthven, Principles of Animal Biology, 
130; 1920. 
2. Theoretically, the type of an egg; preoccupied by the last. 
(Ovotype, Ovoholotype, Ovoparatype, etc.) 


71. Paraallotype: Equals Alloparatype. 
Betrem, 1. c., 208; 1928. 
(Compare Parallotype, Fernald, No. 74). 


72. Paraedoeotype: (Paraedoeotypus): Aedeotype where the prepara- 
tion is made from one of the paratypes. 
Toxopeus, |. c., 468; 1925. 


73. Paralectotype: A paratype selected from the type-series at a date 
later than that of publication. Compare Lectotype & Allolec- 
totype. 

Betrem, 1. c., 113; 1928. 

74. Parallotype: Paratypes of the same series and sex as the Allotype 
when this was described by other than the original describer of 
the species. Compare Paraallotype and Alloparatype. 

Fernald, Proc. U.S. Nat. Mus., 71, Art. 9, 19; 1927. 


Paratopotype: A paratype from the type-locality and with identical 
data to the holotype. 

The use of this term and of allotopotype often saves much 
repetition when the entire series is from a single locality with 
detailed data: e. g.; ‘Bear mountain Creek, Plumas Co., Cal., 
alt. 9800 feet, Aug. 28, 1930, C. W. Smith.” 

Alexander, Proc. Acad. Nat. Sci. Phila., 496; 1916. 


76. Paratype: 1. A specimen belonging to the original series, after the 
holotype (and allotype) have been selected. 

A paratype may be selected subsequently as the holotype 
of a new species if it proves to be undescribed and non-con- 
specific with the actual holotype of the species. 

Oldfield Thomas, 1. c., 1893. 

2. In bacteriological usage, a form possessing the sum of the 
characters of the normal form, but differing in one or more 
respects. Not a nomenclatural term. 

77. Paratype Allotype: A paratype from a different locality than the 
holotype. (Equals Paratype). 

F. Silvestri, 4th. Internat. Cong. Ent., 693; 1929. 

78. Paratype Omotype: A paratype from the same locality as the 
holotype. (Equals paratopotype). 
F. Silvestri, 1. c., 693; 1929. 


sI 
qr 
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79. Phase Type: A type specimen exhibiting a phase different from 
that of a holotype, such as a specimen of another sex, age, 
dimorphic form, ecologic response, etc. 

Waterston, 4th. Internat. Cong. Ent., 696; 1929. 
(See Morphotype, etc.). 


SO. Photographotype: Equals Phototype. 
Kellerman, Journ. Wash. Acad. Sci., 2: 347; 1912. 


Sl. Phototype: A photograph of a type specimen. Compare the later 
(1927) ‘‘Fototype.”’ 
Kellerman, l. c., 2: 347; 1912. 


82. Piesmotype: A picture printed from a plate bearing an imprint 
made by mechanical means from an authentic merotype (No. 
55). Proposed for use in Botany. 
Swingle, Science (n. s.) 37: 866; 1913. 
83. Plastocotype: See Plastoholotype. 
Burling, Journ. Wash. Acad. Sci., 2: 519; 1912. 


84. Plastoholotype: An artificial mold made directly from the holotype 

of a paleontological specimen. , 
Burling, 1. c., 2: 519; 1912. 

85. Plastoparatype: See Plastoholotype. 

86. Plastotype: Any artificial specimen molded directly from a pri- 
mary type. Models not directly casted are excluded from this 
category. Used especially in Conchology and Paleontology. 
Compare also: holoplastotype, hypoplastotype, icoplastotype, 
protoplastotype and Nos. 83-85, above. 

Schuchert, Science (n. s.) 5: 639; 1897. 


87. Plesiotype: 1. A specimen, Not a Topotype, figured or described 
as an example of an already named species. 

Cossmann, 1896, l. c., 2: 2; 1896. 

Schuchert, 1. c., 53: 12; 1905. 

Later, Cossman (l. c.; 1904) modified this as follows: ‘‘An 
individual of a described form, whether from the same locality 
or another, which one compares with a species and for which 
one gives a new description and a new figure.” 

Hypotype and apotype are identical. Contrasts with Heauto- 
type (Autotype, No. 16). In the present case the additional 
description or figure, or both, need not be by the original describer 
of the species. Ex.: Pratt, Revision of genus Arotes; supple- 
mentary notes and figures, specimens used are Plesiotypes. 

2. Plesiotype. A specimen identified by a later author, 
poorly differentiated from homotype or metatype. 

Schuchert & Buckman, Ann. & Mag. Nat. Hist., (7) 16: 

103; 1905. 
88. Post Type: The first proposed term for what is now commonly 
called ‘‘Neotype,”’ later rejected by its author. 

Cossman, l. c., 2: 2; 1896. 
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Primary Type: A specimen upon which the description of a new 
species is based, wholly or in part. Equals Basic Types. 
Proterotypes. 

Schuchert, 1. c., 5: 637; 1897. 


Proterotype: Equals Primary Types. 
Schuchert, Bull. U. S. Nat. Mus., 53: 9; 1905. 


Protograph: 1. Original figure or figures illustrating a holotype. 
The original description is the Protolog. The original describer 
is the Protologist. 

Schuchert & Buckman, 1. c., 1905. 

2. The single figure of some one of the primary types made by 
the author at the time of the original description of the species. 

Handlirsch, in Schréder, 1. c., 3: 89; 1925. 


Protoplastotype: A cast of a Proterotype. 
Grabau, Principles of Stratigraphy, 919; 1913. 
Frizzell, Am. Midland Nat., 14: 662; 1933. 


Prototype: 1. The most primitive representative of a group; in 
most eases a fiction or hypothetical type. See Archetype, No. 13. 


2. Equals Proterotype or Primary Type. 
Handlirsch, 1. c., 3: 89; 1925. 


Protype: A specimen which because of its completeness supplants 
a fragmentary holotype. The proposer recommends that the 
protype of a species be given a subspecific name different from 
that of the holotype. This latter term does not conform to any 
recognized systematic procedure. 

Troxell, 1. c., Journ. Geol., 29: 476; 1921. 


Proxy Types: Equal Protypes. See No. 94. 
Troxell, 1. c., 29: 479; 1921. 


Quirotype: Equals Chirotype. 
Dallas, 1. c., 31: 211; 1927. 


Secondary Types: Equals Supplementary Types. Contrasts with 
Primary Types. 


Supplementary Types: Specimens used by an author to supple- 
ment or correct knowledge of a previously defined species. 
Includes Plesiotype, Heautotype, Neotype. 

Schuchert, 1. c., 1897. 
Spermotype: A specimen taken from a representative plant grown 
from the seed of a type plant. A botanical term. 
Swingle, Journ. Wash. Acad. Sci., 2: 345; 1912. 
Stratotype: The type of the soldier caste in ants. 
Cole, Can. Ent., 68: 36; 1936 (footnote). 


Synthetograph: A figure made from two or more individuals of 
the type-series. This composite figure is a synthetograph. 
Contrasts Protograph (No. 91). 

Schuchert, 1. c., 1905. 
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102. Syntype: 1. Any specimen of the author’s original material when 
no holotype was designated; or any of a series of specimens 
described as “‘cotypes” of equal rank. In this sense equals 
Cotype as commonly used. 

Bather, Natural Science, 4: 57; 1894. 

2. A specimen other than the holotype of the species upon 
which the original description is based. Equals Paratype as 
commonly used. 

Lupher & Packard, Univ. Oregon Publ., 1: 204; 1930. 


3. Teratotype: The type of an abnormality or monstrosity. The term 
has been criticized because a monstrosity is a chance occurrence 
and not a taxonomic unit. 

Dallas, 1. c., 31; 214; 1927. 


. Tophomeotype (combination of Topo and Homeo): A specimen 
from the original locality, identified by an authority. Compare 
Homotopotype, No. 42, and Metatopotype, No. 57. 

Howell, 1. c., 41: 199; 1930. 


. Topotype: A specimen from the original locality from which a 
species was described. These are of the very greatest importance, 
especially if from the exact place (and date), or, in the case of 
geological specimens, from the identical stratum. Many terms 
are either synonyms or too close for usage; See Nos. 50, 104. 
Modifications of this, as Allo.-, Para.-, Homo.-, and Meta.-, are 
of importance. 

Oldfield Thomas, 1. c., 1893. 
Schuchert, 1. c., 53: 9, 18, 14; 1905. 
Schuchert & Buckman, 1. c., 16: 104; 1905. 


. Type: 1. The holotype of a specimen. 
2. Any of the original type material. 


107. Type Material: All original material used in the description of a 
species, as well as all material used to supplement the description. 
Schuchert, Science, (n. s.) 5: 637; 1897. 


108. Typical: Referring to a specimen with characters corresponding to 
those of the type material. A useful, but scarcely nomenclatural 
term. 

Schuchert, Bull. U. S. Nat. Mus., 53: 9, 14; 1905. 


In addition to the above list Alexander gives about a dozen 
names ending in ‘‘type’’ which are not nomenclatural terms 
but are used in Genetics or elsewhere. A few, however, are 
used in both ways and their non-nomenclatural meanings have 
also been given here to facilitate comparison with their other 
uses. 

It is evident from this list that there are many synonyms 
contained in it. This may have been due to ignorance on the 
part of their makers that equivalent terms were already in 








702 Annals Entomological Society of America |Vol. XXXII, 


existence, or possibly to the fact that there are no rules for 
nomenclatural terms and therefore one has as much right to 
be used as another. Some workers, however, have accepted 
the principle of priority as applicable here (see Nos. 12, 
32, etc.) and this is most desirable in order to eliminate the 
duplicate terms. 

With two exceptions (Nos. 61, 67) all these terms relate in 
some way to the adult except possibly in Palaeontology. But 
Pandora’s box has many more which may escape. At any 
time some worker may describe the hitherto unknown egg of an 
insect and mark it as some kind of a type: equally, newly 
described specimens of naiads in each of their many instars 
(45 or more in some species), nymphs, larvae and subimagos 
may become the bearers of different kinds of type names. 
There is at present no rule to prevent this. This enormous 
number of naiad, nymph, and larval instars available in so far 
as none of them have previously been described, needs only a 
few workers with the ‘‘mihi itch”’ to deluge the nomenclatural 
field with a flood of type names. 

But this is not all. The first describer of the leaf mine of an 
insect will have a field for a new list of type names for the 
different types of mines and an opportunity to place on such 
specimens a colored label! Students of gall insects, too, can 
doubtless find undescribed plant galls to provide another list 
of type names. 

The present condition of type nomenclature is such that it 
seems not improbable (certainly not impossible) that ento- 
mologists at least may find themselves buried in a chaos of this 
phase of terminology. 

It seems to the writer that the time is ripe for a consideration 
of this subject by some body of scientists which can establish 
rules for the nomenclature of types, classifying the terms; 
determining which are synonyms or duplicates and establishing 
rules for priority and on such other subjects as may be needed. 
It might be well, also, to make a classification of the primary 
and secondary types. 

The writer will here venture only one suggestion, viz.: that 
Primary Types should include only those specimens used in 
preparing the original descriptions and specimens actually 
compared with these. Other specimens should have no higher 
standing than that of Supplementary Types. Possibly a 
different suffix for the names in this group might be helpful. 


METHODS OF COLLECTING AND SHIPPING LARRA 
AMERICANA SAUSS., A PARASITE OF THE PUERTO 
RICAN MOLE-CRICKET! 


Luts F. MARTORELL, 


Assistant Entomologist, 
Agricultural Experiment Station, 
Rio Piedras, Puerto Rico 


Since February, 1936, the Agricultural Experiment Station 
of the University of Puerto Rico at Rio Piedras, P. R., has been 
engaged in collecting and shipping mole-cricket parasites, with 
the purpose of establishing them in Puerto Rico, to aid in the 
control of the Puerto Rican mole-cricket or ‘‘changa,”’ Scap- 
teriscus vicinus Scudder. At the beginning of the work, Dr. 
George N. Wolcott traveled in various countries, such as 
Trinidad, Haiti, the Guianas, Venezuela and Brazil. Except in 
Brazil these searches were unsuccessful, because Larra americana 
Sauss., was not present at all or not in sufficient quantities to 
make shipments of value. Later on, the author was sent to 
Belem, Para, Brazil, to collect there during the month of Jan- 
uary-February, 1938. Taking as a basis the previous experiences 
in shipping parasites from Brazil and by including live parasit- 
ized mole-crickets with the wasps, exceptionally good results 
were obtained. Dr. Wolcott returned to Brazil during May- 
June, 1938, and even better success was obtained as the methods 
were further perfected. 


METHOD OF COLLECTION OF THE ADULT AND DESCRIPTION 
OF THE COLLECTING CAGE 


Larra americana Sauss., is found very abundantly during the rainy 
season in Belem, Para. The plant hosts of the parasite are the common 
Borreria verticillata Meyer or ‘“‘vasourinha de butén,” as the weed is 
known in Belem, and Hyptis capitata Jacq., both of which are called 
“botoncillo” in Puerto Rico. Larra usually selects only the large 
clusters of blossoms. The insect is very uncertain, restless, always look- 
ing in every direction, stopping only for a few seconds on a flower, 
jumping immediately to a second one, flying next to a nearby cluster 
and, at the slightest strange movement, disappearing to be seen no 
more. Larra can be compared in speed and movements with a Brazilian 
Psammocharid, Ceropales anomalipes Schuckard of which the coloration 


1Published by permission of the Director of the Agricultural Experiment Station 
at Rio Piedras. 


703 








704 Annals Entomological Society of America [Vol. XXXII, 


is quite similar to that of Larra and to Notogonidea ignipennis Cresson 
an all black wasp with chestnut wings. 

The male and the female of Larra are very similar in appearance, 
the difference being that the abdomen of the female is larger and shiny 
red, while that of the male is smaller and of a dull red color; also females 
are generally much larger than males. Even at this, the sexes are apt to 
be confused, unless one can get the insect between ones fingers and let 
her sting. 

The parasites were collected with a very small net, with a handle 
about twelve inches long and an opening of six inches in diameter. The 
net might seem small but on the contrary was very handy as it could be 
readily moved with great facility through the clumps or clusters of 
blossoms of the weeds. The clusters of flowers sometimes are close to 
each other and the use of a larger net would be impractical. Once the 
insect was caught in the net, it was transferred to the collecting cage. 
(Plate I, fig. 1). This cage was of the same type used by Dr. Wolcott, in 
his past experiences on collection Larra. It is very handy and light, 


4 


measuring 5 inches in length, 5 in width and 101% in height, outside 
measurements. The small window (C) which is covered by a wire mesh, 
measures 3x4 inches. The window was kept closed when the parasites 
were inside the cage by means of a little hinged wooden lid (B). When 
the lid was opened the parasites immediately start flying inside the 
cage, striking their bodies on the wire mesh, in an effort to escape. If 
the box had been constructed without the window, it would be very 
difficult to make the parasites go into the cage. Larra, being positively 
phototropic, was attracted to the window (away from the entrance) 
when the lid was up. The entrance or hole (A) on top of the cage, was 
for the admittance of the parasites and was kept closed by the use of 
a cork stopper. (Plate I, fig. 2) (A). The admittance or entrance to the 
cage was protected by a wire screen trap. (Plate I, fig. 2) (B). Once the 
parasite was introduced into the cage, passing through the funnel- 
shaped trap, it was safely captured and even if the entrance was left 
uncorked, the parasite could not find its way out. 


Before the cage was ready for use, it had to be prepared to receive 
the parasites. Very often I used a bunch of Borreria blossoms placed in 
a small tin can nearly half full of water. This gave the parasites a place 
to rest upon and also to feed, while in captivity. While collecting, the 
blossoms were sprinkled with water by throwing it through the wire 
mesh. This maintained a somewhat cooler atmosphere inside the cage. 
On the other hand Dr. Wolcott used a cluster of Hyptis blossoms,with- 
out moistening them. The wasps seemed to behave as well using this 
last method as with the first. With the flowers inside and the main 
sliding door of the cage (Plate I, fig. 1) (D) closed, the cork stopper at 
the entrance loosened, the box was ready to start collecting. 

Once the parasite was caught in the net, it was transferred to the 
collecting cage using two different methods. These two methods 
depended very much on how many wasps are to be collected or 
on the desire of the collector. When I was in Belem, I always used the 
first method; which was to place the parasite in a small test tube of 
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PLATE | 


Fig. 1. Collecting cage for Larra. 2. Entrance with stopper, A, and screen 
trap, B. 3. Shipping box for parasitized live crickets. See the same in place in the 
larger shipping box, fig. 7, a. 4. Tin can used to ship live parasitized crickets 
(changas). 
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about 4 inches in length and one inch in diameter. The parasite was 
obliged to go into the bottom of the net, the tube was inserted into the 
net nearly to the bottom and the parasite was then transferred very 
easily into the tube. Then the tube was corked. Once in the test tube, 
this was taken to the cage, the cork removed, the tube inverted with 
mouth down, then uncorked and immediately put the mouth of the 
tube at the entrance of the cage. In a short time the parasite was inside 
the cage. The second method which makes the operator work faster and 
put more wasps in the cage in less time, was by transferring them directly 
from the net and releasing them at the entrance of the cage. Of course 
it was better to use cotton gloves, at least on the hand that the collector 
was going to use in picking up the wasp. Using either method care has 
to be taken, because sometimes Larra stayed clinging to the walls of the 
wire trap at the entrance, and once the tube or the hand was raised she 
flew out of the hole. So before removing the tube or hand it was better 
by looking through the window to be sure the insect had passed the 
trap and was really inside the cage. 

When the collecting was over for the day, the lid was closed and the 
cage was transferred to the laboratory, in this case the hotel room, 
where the breeding or parasitizing cage was, with the rest of the 
equipment. 


Description of the Breeding or Parasitizing Cage 


The cage (Plate II, fig. 5) used was made by a local carpenter at 
Belem, in accordance with the instructions I gave him. The drawing 
shows the top of the cage and one side without wire mesh, but this has 
been done to show the interior of the cage. It was of wire mesh on five 
sides, with the bottom of boards. The cage had a window (B) located 
in the middle of the cage, on the front panel, about 4 inches from the 
bottom or floor, surrounded by a wooden frame. The measurements of 
the window were 6x12 inches. This was not closed by a wooden or 
cardboard lid, but a mesh cloth sleeve was used, about 12 inches long, 
nailed around the wooden frame on the window. When the parasites 
were inside the cage and when not in use, this sleeve was folded and 
the entrance closed. This sleeve insured better protection and there was 
less chance for the parasites to escape. The outside measurements of 
the cage were as follows: 39 inches in length, 24 in width and 17 in 
height. The whole cage was mounted on four wooden legs (C) about 
3 inches in height. The cage when in operation was installed with the 
four legs mounted over tin pans or porcelain dishes full of water, to 
prevent ants from coming up into the cage and bothering the parasites. 
To prepare the cage before receiving the parasites, a large cluster of 
Borreria and Hyptis blossoms was placed in a tin can inside the cage 
and located in about the middle of the floor space. This served as a 
resting place for Larra, giving them a chance to feed on nectar of the 
fresh blossoms at first and then on the honey and water (1 : 5) mixture, 
sprinkled over the blossoms and leaves. The wasps fed very eagerly, 
especially in the early morning, and by placing the food on the blossoms 
and taking the cage to the window, where there was sunshine, they used 
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PLatTE II 


Fig. 5. Breeding or parasitizing cage; A, mesh; B, window. 6. Shipping cage 
with lid, B; A and C, windows; D, entrance. 7. Shipping cage open; A, inner box 
containing parasitized live crickets. 
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to come immediately in great numbers to the flowers and leaves. On 
the other hand Dr. Wolcott used a mixture of sugar and water, in syrup 
form, placed in flat tin tops or very small shallow dishes on the floor of 
the cage. Either method is good and the parasites survived for several 
days in this way, until they were shipped and more new ones were put 
in the cage. As collecting was done every day, new wasps were arriving 
daily. 

Once the parasites were in the cage, it was possible to use them for 
parasitizing their hosts using the method first described by Mr. F. X. 
Williams. In greater detail, this has been described by Dr. Wolcott in 
an unpublished manuscript as follows: 


“The wasps react so immediately to sunshine that some of them 
(in captivity at least) are in search for a host within a few minutes 
after sunrise, if the sun comes up clear, and within half an hour, all 
are active. Working at top speed, one is kept busy for an hour or 
more in the early morning providing one host, and sometimes two, 
for each wasp, but after satisfying this initial need for ov iposition, 
the wasps are no longer interested in changas for some hours. By late 
morning they may again be ready for another host, and if the early 
afternoon is sunny, the total oviposition for the day may average 
nearly three eggs per wasp. 

“Clouds over the sun promptly minimize the ardor of the wasps 
in attacking changas, and, regardless of whether they have recently 
oviposited or not, all promptly retire to the crevices in the moulding 
at the top of the cage as the clouds become denser or rain commences 
to fall, and remain there quietly until morning. When only ten or 
fifteen wasps are availé ible, and only one cage, pl. icing one wasp with 
one changa in a tube is a suitable method of inducing oviposition. 
But when boys were employed in collecting wasps, and often nearly 
a hundred wasps might be present in the cage at one time, such a 
limited method of bringing host and parasite together was no longer 
practical. 

“It was much simpler and quicker to put the changas in the 
cage with the wasps and let those keenest on immediate oviposition 
fall on their prey. In this way no time was wasted in attempting to 
induce a wasp to oviposit which had no desire to do so just then. 
The wasps ready to oviposit showed their preoccupation by running 
about in the lower and darker part of the cage, in decided contrast 
to the others concentrated in the upper and brightest part towards 
the window, or in the sunshine. When the cage was best illuminated, 
the wasps appeared to have difficulty in seeing mole-crickets at rest 
in the shade, but flew after those running about, or pounced on them 
from the top of the cage. They alighted transversely, so that the 
abdomen of the wasp was tightly curled around under the thorax of 
the changa, in position for stinging it into unresisting quiet. The 
mole-crickets did not submit readily, but their resistance consisted 
in running away and bumping into other changas or wasps, so that 
the wasp might transfer her attentions to another changa, or begin 
fighting with another wasp. When several wasps were keen on ovi- 
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position at the same time, the first one to quiet a changa was sure 
to be disturbed by one or more other wasps jumping on the same 
host, with their abdomens also curved around to sting the soft part 
of the thorax of the mole-cricket underneath, but from the other 
side. 

“To permit the first wasp to complete her activities without 
such disturbance, each such wasp and host was placed in a tube 
until she had finished. The signal for being finished was that the 
wasp flew up into the top of tube, but since wasps not ready to 
oviposit also did this, each changa was examined for a Larra egg 
before the wasps were returned to the big cage. Never was the egg 
absent when the wasp had jumped on the changa in the big cage, 
and sometimes two eggs were present when another wasp had been 
especially speedy in oviposition and laid her egg before attack on 
the mole-cricket could be restricted to a single wasp. 

“Five changas at a time were as many as could conveniently be 
placed in the wasp cage; when the wasps were most eager, this 
number could not be maintained, but as soon as the temporary rush 
was over, more could be added. The fifth changa running around the 
edge of the cage disturbed a fourth and stopped, but the fourth took 
up the race and disturbed a third, so that some mole-cricket was 
always running about and tempting the wasps by its motion. For- 
tunately the entrance to the cage was raised above its floor, so that 
few changas escaped through it, but many climbed the wire mesh of 
the sides, and there were practically immune from attack by the 
wasps, even if bumping into and disturbing them. A smart. tap 
would dislodge them, and start them rushing aimlessly about again 
on the floor of the cage where they could be recognized by the wasps 
as a Suitable target for attack. 


“With illumination of the cage at optimum, the operator worked 
at top speed; putting unparasitized changas in the cage, separating 
those attacked in a tube with but one wasp, examining changas for 
the presence of a Larra egg before placing in the box for shipment, 
releasing the wasp in the cage and adding fresh unparasitized 
changas; so that in half an hour thirty or forty parasitized changas 
might be obtained when everything was working smoothly. Rarely 
did such periods last longer than half an hour; the weather might 
change, all the wasps desiring to oviposit might be satisfied, or the 
supply of unparasitized mole-crickets might be exhausted. Only by 
having all necessary supplies readily available and establishing a 
mechanical routine in handling them could one take full advantage 
of such a period of most intense activity of the wasps, but the 
result was an abundant supply of parasitized changas and of wasps 
in optimum physiological condition for shipment to Puerto Rico.” 


I always used the test tube method and parstized one changa at a 
time. Dr. Wolcott used extensively the cage method, that is releasing 
the changas in the cage, etc. This last method is very efficient, especially 
when you have to deal with many parasites. 
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SHIPPING THE PARASITES 


The adult parasites or females of Larra, usually accompanied by 
one or two males of the species, were shipped in a tight carton box, 
(Plate II, fig. 6) especially manufactured for this purpose at Belem, 
Pard. The measurements for the box were 101% inches in height, 10% 
in width and 101% in length. The cover or lid (B) was very tightly fitted 
over the box, so there was no chance for a ws asp to escape by crevice or 
opening between the lid and the box itself. The box had three openings 
as follows: openings A and C, were windows, each measuring 3x3 
inches. They were protected by mesh wire, which was stuck in place by 
gum paper or adhesive tape. The third opening D, was made for the 
purpose of admitting the wasps in the cage when shipping time was near. 
The size of this entrance depends on the convenience of the operator. 
The size I used was about 34 inches in diameter, large enough to admit 
a wasp without difficulty and easily corked. These three openings A, 
C and D, were made, one on the cover of the box, one on the side of the 
box, no matter which side it was and opening D, or entrance hole for the 
wasps, as near to the bottom of the box as possible and in a side adjacent 
to opening C. The wasp being positively phototropic usually flew 
immediately to window A or C. 

The preparations or steps for the proper fitting of the box were as 
follows: The day before the shipment was to be made, the food for the 
wasps while on route was prepared. I used a mixture of honey and 
water in the proportion of about one part of honey and five of water. 
This was sprinkled over a large bunch of Borreria flowers freshly collected 
in the field the same day. The flowers were kept in good shape for sev- 
eral days while on route, by wrapping moist sphagnum moss around the 
stems, and a large piece of cellophane paper around the moss, to keep 
the moisture inside from breaking the carton box. Dr. Wolcott, on his 
last trip to Belem, used as food for the wasps a mixture of sugar and 
water. This food might be considered as a cake frosting; powdered sugar 
in a minimum of water laid down in alternate rows on the inside of the 
cover of the carton shipping box. This dried in a few minutes in the 
sunshine, and was not only simple in preparation, but obviously effective 
in supplying nourishment to the wasps in a most acceptable form. 

In addition to food for the wasps and flowers, the shipping cage 
contained a box, containing parasitized live changas. The boxes were 
made in a furniture house at Belem, of a very light wood with the boards 
as thin as possible to avoid excess of weight. (See Plate I, fig. 3). The 
outside measurements of the box were as follows: 9 inches in length, 5 in 
width and 5 in height. The cover or lid (B) was a wooden and 
wire mesh device. When the crickets were ready to be shipped, 
this box was filled with moist sand and a large bunch of a succulent 
weed, Commelina sp., mixed with the sand. The parasitized crickets 
were placed in the box, the cover put on and nailed, or pasted in place 
with gum paper. 

When no wooden box was used to ship the crickets, individual tin 
cans (Plate I, fig. 4) were used. These were also manufactured at 
Belem, Pard. The measurements were: 21% inches in diameter and 1 
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inch in height. The cover or lid (A) was made out of tin, as well as the 
rest of the can, but wire mesh (B) was used in nearly the whole top. 
Moist sand and few leaves and stems of Commelina sp. mixed with 
sand, were used inside the can. Several feeding substances for the 
crickets were tried in Belem, such as moist corn meal, flour, a mixture 
of corn meal and flour, cracked corn, etc., but none was so successful as 


Pate III 


Fig. 8. Adult female wasp of Larra americana Saussure, five times natural size. 
(Drawn by F. Sein.) 


Commelina sp. In breeding work in Puerto Rico, Portulaca oleracea L.., 
was found to be preferable. A single parasitized cricket was placed in 
ach can. Lower mortality was obtained by using the individual cans 
than by shipping the mole-crickets in the wooden box en mass, due to 
the cannibalistic habits of the crickets. Salve boxes of nearly the same 
size as the cans were used by Dr. Wolcott, with similar results or even 
better, for more moisture was kept inside the closed salve boxes than in 
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the wire mesh covered cans. Of course it is very important when ship- 
ping female wasp adults and parasitized mole-crickets in the same box, 
to always have three or four of these wire screened boxes if the large 
wooden box is not used, because the presence of the host is supposed to 
keep alive the wasps. 

The morning on which the plane was leaving, the last step was 
taken: windows A and C, were closed by placing over them a cellophane 
window, which was stuck in place by means of a gummed paper or 
adhesive tape. In this way the box was ready for shipment and was 
taken to the airport very early in the morning, just before the departure 
of the plane. 


Once the box was in the plane, nothing more was known of it till 
its arrival at Puerto Rico. The total time on route, from Belem to San 
Juan, P. R., was about 26 hours. Sometimes if there was a delay by 
any of the connecting planes, it took 50 hours. 

The following chart shows the results obtained on the last shipments 
made by Dr. Wolcott to Puerto Rico, during May and June of 1938. 


TABLE I 


IMPORTATIONS OF Larra MADE DuRING MAy-JUNE, 1938 





Adults Received : bi 
Shipment Total Number Total Number Percentage 

Living Dead Larra Living 
Qs o's | Total 


1 6 1 7 5 2 1% 





No adults in this shipment, only mole-crickets 








10 











69 


142 10 152 
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THE LEMNA FLY AND SOME OF ITS PARASITES' 


MINNIE B. SCOTLAND 


New York State College for Teachers, 
Albany, N. Y. 


In 1934 I published an article on the animals of the Lemna 
association. In this I gave a short description of the Lemna fly, 
Lemnaphila scotlandae Cress., which is an obligate resident of 
Lemna minor. Since then I have made further studies on this 
Ephydrid, the results of which are recorded in the following 
pages. 

This little fly is one of the most diminutive members of the 
Diptera (length 1.2 mm.) and is very inconspicuous. To find 
it where duckweed abounds the easiest way is to search for 
evidence of its feeding. The characteristic parallel gougings 
from the upper surface of the thallus of Lemna announce its 
presence. There are two other insects that are constantly found 
feeding on Lemna, the duckweed-weevil, Tanysphyrus lemnae 
Fab.2 and a collembolan, Sminthurus aquaticus Bourlet. The 
beetle larva mines channels of the linear or blotch type in the 
thalli and the adult eats out large, round portions from the top 
of the plants, often going in deeply enough to perforate them. 
Although the collembolan is a Lemna feeder, it gives a more 
pronounced indication of its use of the plant by the numerous 
small pits in which it lays its eggs. These various kinds of 
destruction are sufficiently distinct to enable me to identify the 
species of insect causing the damage in each case. 


In Ithaca, N. Y., I have had excellent collecting at the fish hatchery 
where the many tanks provide abundant material that is easy of access. 
From observations during four summers I have found that the Lemna 
fly appears about the first of August. When laboratory examinations 
begin I gather samples of duckweed from several sources by means of 
a flat screen, 10x15 inches, of 1/16 inch mesh, supported by a stiff rim 
of steel wire and manipulated by a wooden handle attached at the 
center of one of the long sides. This device makes it possible for me to 
scoop the floating plants from the surface of the water. I then shake 
my catch on to a piece of paper toweling, fold up the paper, and place 
it in a wide mouthed, screw topped jar. In this way the samples can be 


1Contribution of The Entomology Laboratory, Cornell University, Ithaca, N. Y. 

2A simple method by which to rear this beetle is described in Culture Methods 
for Invertebrate Animals by James G. Needham and others, Comstock Publishing 
Co., Ithaca, N. Y., 1937. 
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kept separate, one jar holding a number of packages. Raw water is car- 
ried back to the laboratory at the same time. To segregate the material 
for study I place the separate collections in white enamel trays with 
enough of the raw water to permit the plants to float from the paper to 
the surface of the water in the trays. The trays are placed on a shelf 
where sun and air can strike them. 

I use a binocular microscope to survey the trays. Small trays, 
5x6x1 inches, have been easier to handle than larger ones. Eggs 
of the Lemna fly are seen without difficulty, the boring larvae are 
detected by their movements, pupae are recognized by their striking 
amber color, and roaming adults are observed as they pass across the 
field of vision. Syracuse watch glasses and four dram vials serve as 
containers for the thalli. The adult fly is not too wary to be caught 
easily by placing an empty vial over it and allowing it to fly into the 
vial. Then, by inverting this vial over one containing thalli and water, 
the fly may be transferred. Frequently, as many as ten flies are captured 
in one vial before it is corked. They may then be watched through the 
glass of the containers under the binocular microscope. 

The eggs are laid singly usually on the very edge of the upper surface 
of the thallus and only one to a thallus. Exceptions occur, such as an 
egg on the center of the convex upper surface, and two or three eggs on 
one thallus. The egg is generally yellowish in color although I have 
found pure white eggs and also occasionally a dark brown one. In size 
it measures 0.8 mm. long and 0.08 mm. at its greatest width. 
Its shape is like that of a melon with ridges running parallel from end 
to end. The side of the egg adjacent to the thallus is somewhat flat- 
tened. It is from this region that the young larva cuts out a circular 
piece of the shell and bores through the upper epidermis of the thallus 
into the chlorophyll-bearing cells in the center. The period of develop- 
ment within the egg takes two days after deposition. 

The closely allied Hawaiian Ephydrid, Hydrellia williamsi Cresson, 
described by F. X. Williams (1938) appears to differ slightly in having 
whitish eggs, with delicate longitudinal ridges that are forked. 

The Lemna fly larva is a miner. It spends about ten days in tearing 
down the spongy mesophyll with its huge, sickle-shaped, very efficient 
pair of mouth-hooks. These are sharply curved and on their ventral 
edges bear fine teeth. The miner eats only duckweed although 
Wolffia and Spirodela are commonly present among the Lemna. 
It feeds in one thallus until that is completely destroyed and then it 
crawls in to one of the attached thalli. I have removed larvae from 
duckweed and placed them in water containing a few Lemna plants and 
have seen them swim to the surface of the water. Upon coming in con- 
tact with a thallus they bore their way through the waxy upper surface 
and begin feeding within it. Inasmuch as Lemna plants usually form 
continuous mats on the top of ponds, larvae are rarely seen outside the 
floating duckweed. One Lemna plant may provide sufficient food for 
the entire larval period. 

There are three instars and moulting occurs within the mines, 
interrupting the feeding only briefly. The mouth-hooks are black. 
This color, together with feeding movements, enables the observer to 
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spot the mining larva through the transparent epidermis. The body of 
the larva is white, showing within, a distinct yellow mass in the anterior 
third and a blackish substance in the posterior region. With higher 
magnification the surface is seen to be covered with bands of very fine 
setulae. A pair of two-segmented antennae can also be seen. At the 
extreme posterior end is a pair of black-tipped, cone-shaped structures 
which are hollow and receive the longitudinal tracheal tubes. These 
spines are thrust into the firmer plant tissue of the lower epidermis 
before the puparium is formed. In this way the pupa is made more 
secure within the excavated thallus. 

The Lemna fly spends four days in the pupal stage. Its puparium is 
a rich amber color, 1.5 mm. long and 0.8 mm. wide just back of the 
cephalic end, from which it narrows toward the caudal end. The dorsal 
side is distinctly convex while the ventral side is flattened, the whole 
puparium curving ventrally where the caudal spines are fixed to the 
inner side of the lower epidermis of the thallus 

I have never observed more than one pupa in a thallus and generally 
this one occupies a position parallel to its long axis. The larva makes 
use of the largest mined portion of the thallus in which to pupate. As 
the transformation takes place within the semi-transparent puparium 
the darkening of the pupa can be observed. Finally, by means of the 
bladder-like ptilinum the adult fly pushes against the head end of the 
puparium and ruptures it. This makes a large opening through which 
the fly crawls out on to the thallus. To reach the outside it forces apart 
the epidermal layers. 

For a few minutes the black, newly emerged fly stands perfectly 
quiet on the duckweed, raised somewhat from the plant on its stilt-like, 
yellowish tipped legs. Then it begins stroking first its head and then its 
wings and abdomen with its legs. The proboscis is well brushed, the 
antennae are drawn through the tarsi of the front legs, the eyes are 
cleaned, and the ptilinum, after being rubbed by the legs, collapses. The 
milk-white, folded wings are passed between the hind legs or pressed 
against the body as the legs move over them. Eventually the black 
veins show and the fringed iridescent wings are spread. I have 
watched a fly work for fifteen minutes and longer in an effort to 
smooth out a wing that has become wrinkled by my shaking the vial. 
The body with its hairs is likewise groomed. The tarsi themselves are 
frequently rubbed together. During this procedure the fly will walk 
stiffly for a little distance, either in a forward direction or in a curious 
sideway path, reminding me of the movement of a crab. When fully 
spread, the wings are laid over each other on top of the abdomen. They 
are used for flights so short that the impression of occasional jumps is 
given. The longest flight that I have observed was through a distance of 
about fifteen inches. The flies, when undisturbed for the most part, 
remain quietly on the duckweed in the trays. Two flies do not feed on 
the same Lemna plant at the same time. In the open trays they are 
always well separated when feeding (is it a kind of territorialism’). 
The presence of one egg to a thallus also suggests aloofness. 

Feeding begins as soon as the fly has straightened out the last 
bristle. The fly stands on a fresh green thallus and, by applying the 
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labella forward and backward, gouges out a mouthful of its food. Then, 
it steps to one side and feeds again several times in succession. 
This results in parallel streaks of gouges. One fly confined in a vial 
will feed on as many as a dozen duckweed plants, which accounts for 
the wholesale destruction of thalli. Certainly the toothed structure by 
which it gets its food from the dorsal surface of the Lemna is an 
efficient apparatus. 

When several flies are placed together in a vial it will be seen by their 
behavior that they are aware of one another’s presence. One will approach 
another and then stop when its antennae can fairly touch the other’s. 
After a moment it will then walk away. When two sexes are in the same 
vial, the male will walk toward the female from the side or from the rear. 
The latter will lift the middle leg on the side nearer the male succeeding 
in forcing him away or will step around until she faces him. The male, 
in another effort, will fly suddenly to the rear of the female, attempt to 
creep up on her abdomen, lifting the female’s wings with his proboscis 
and, at the same time, curving the tip of his abdomen downwards in 
preparation for copulating. 

The length of life of the adult fly is brief. Flies captured in a vial 
and given no food die within fifteen hours. Flies provided with food live 
for not more than sixty hours. It is possible that in the open they may 
live longer. They seem to attain sexual maturity a day after emergence, 
for a microscopic examination of the sex organs at that time reveals the 
first of sperms and eggs then maturing. The month of August is the 
time of year when the flies emerge in numbers sufficiently large to be 
noticed. Hundreds of them can be obtained for study. Just where the 
fly spends the rest of the year and in what stage it is carried over the 
winter I have not discovered. 


SOME OF THE PARASITES OF THE LEMNA FLY 


During the studies of the Lemna association made in the summer of 
1934 three hymenopterous insects of extremely small size appeared in a 
Syracuse watch glass in which I had placed Lemna fly pupae. In 
addition I found in a prepared slide of a cleared puparium long antennae 
similar to those of the Hymenoptera that were seen in the watch glass. 
With this information I continued the search for parasites in the sum- 
mers of 1936 and 1938, and found three new species of them.’ 

Among these there is Opius lemnaphilae Muesebeck. It may be dis- 
tinguished from the other species by the following characters. The very 
long antennae are curved at the ends with 17 segments in the male and 
15 in the female; in both the antenna is only slightly shorter than the 
entire length of the insect, which is 2 mm. from the front of its head to 
the end of the over-lapping wings. The two basal joints of the antenna 
are yellowish and the remainder are black, bearing grayish, oval patches, 
which are sensillae, as well as setae. The body is black with long yellow 
legs that become brownish toward the middle of the tibia and darken 
from there to the end of the tarsus. The fringed wings are iridescent, 
showing distinct greenish hues in the broad portion and purplish tints in 
3] am indebted to Dr. C. F. W. Muesebeck for the determination of these species, 
and for making their names available by recently published descriptions. 
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the narrow basal part. Emergence is effected by the insect’s chewing a 
round piece out of the dorsal wall of the broadest part of the puparium 
and pulling itself up out of the hole. The parasites dart about, some- 
times mating quickly. It has so far been impossible for me to observe 
oviposition or to learn in what stage of the Lemna fly it occurs. Nor 
have I found any stage of this braconid’s life history earlier than the 
pupa, well advanced in its development, as seen through the fly’s 
puparium wall. 

The two species of Trichopria, 7. angustipennis Muesebeck and 
T. paludis Muesebeck, are recognized by their shorter antennae which 
are club-shaped in the male and brownish in color. Their legs are char- 
acteristic with femora and tibiae enlarged in their distal halves. The 
wing of each species shows a sparseness of veins. Since the Trichopria are 
smaller than Opius the holes through which they escape from the Lemna 
fly’s puparia are smaller. In movement the former do not seem quite as 
quick or graceful as the latter although they are similar. 

The degree of parasitism of the fly varies, increasing as the season 
advances. On August 17, 1938, parasites averaged 15 out of 29 puparia. 
Of the two genera commonly occurring in my vials Opius was repre- 
sented by 19 and the two species of Trichopria by 63 specimens at one 
counting. 

All three species are water repellent. Upon being removed from one 
vial by a wet brush and thrust into the water of another, the parasites 
swim to the surface quickly and begin their activities again. 


OTHER ASSOCIATES OF THE LEMNA FLY 


The number of associates of the Lemna fly recorded in my former 
paper on this subject reached twenty. At that time I had not encoun- 
tered the beetle reported by Kraatz, 1918, Scirtes tibialis, Guer., and I 
have not found it in these subsequent studies. However, I have collected 
specimens among the duckweed that may be added to my former list. 
Of these Dr. C. F. W. Muesebeck reports that there is a species of an 
apparently new genus near A phanta Foerster in the braconid subfamily 
Dacnusinae. At least one species of Anaphoidea was found as determined 
by Dr. A. B. Gahan. A species of Polynema was reared in numbers from 
eggs of Mesovelia embedded in thalli that had been placed in separate 
vials of water. Practically all of the eggs examined were parasitized. 

Of the Diptera there are representatives of three genera. Larvae, 
pupae, and adults of Corynoneura scutellata Winn. were determined by 
Dr. O. A. Johannsen and the immature stages were described and fig- 
ured by him in 1937. Also two larvae and a pupa of Dasyhelea traverae 
Thom. were identified by him. Other dipterous larvae found among the 
thalli were placed in the genus Tetanocera by Mr. C. T. Greene. 
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WILD COUNTRY, A Nartura.ist’s NoTEs AND Pictures, by F. FRASER DARLING. 
Pages vii and 103, 82 figs., 7 x 9 inches. 1938. Published by CAMBRIDGE 
University Press (The Macmillan Company, 60 Fifth Ave., New York 
City). Price, postpaid, $2.75. 

This is a perfect giftbook, particularly to a friend who has found any interest 
whatever in life out-of-doors. Darling arose to scientific fame on his very detailed 
studies of the habits and behavior of deer and other wild animals. For months 
he practically lived with deer in the field and accumulated facts on behavior 
which meant much revision of earlier concepts of deer ecology (A Herd of Red 
Deer, 1937, Oxford Press). Later he studied in the same detailed manner the 
flocking of birds (Bird Flocks and the Breeding Cycle, 1938, Cambridge Press). 
Accompanying this unusual ability for observation and its interpretation is an 
equal ability in photography. He is master of a Leica camera in all its moods 
and lenses. In fact the volume closes with ‘‘A Note on Photography with a 
Miniature Camera’’ which lists his apparatus and discusses its potentialities. 

This little gift volume is a byproduct of Darling’s field studies. It is a series 
of about eighty remarkably beautiful photographs of mountains, lakes, sea shores, 
and above all of intimate close-ups of birds and wild animals. With each picture 
is from a half page to a page and a half of appreciative descriptive matter, the 
type of sympathetic comment that could have been written by Gilbert White of 
Selborne fame or by our own Thoreau of Walden Pond. We open the volume at 
page eighty-three and see a fawn curled up asleep. The reader’s first impulse 
is to reach out and stroke its head. Next a series of nine views of baby seals, 
asleep, or awake and full of curiosity. Then the scene is among ‘‘The High Tops’”’ 
with three views of magnificent distances and rugged mountain peaks; the next, 
‘Fairies of the Lochan,’’ which is a photographic masterpiece showing white 
pond weeds apparently dancing across the surface of a pond jet black under a low 
afternoon sun; the next, ‘‘Old Tawny,’’ a bull seal who really looks tough. But 
further space is lacking.—C. H. K. 


ADDITIONAL NOTES ON SUNFLOWER INSECTS 


OsMOND P. BRELAND! 
University of Texas, 
Austin, Texas 


In a recent article (1938) the writer reported the results of investiga- 
tions upon the biology of some sunflower insects and their parasites. 
This paper is a continuation of this work. 

In the above mentioned paper, reference was made to the prevalence 
of a species of Callimome which was bred from sunflower seed. This 
insect was referred to as Callimome albitarse Huber. Since that time, 
considerable biologic data have been collected on these insects. Because 
of this work it has become evident that in some cases two species, rather 
than a single one, may be bred from sunflower heads. These two 
species resemble each other so much morphologically, that it is doubtful 
if their differences would have been discovered, had it not been found 
that they parasitize different hosts. With this suggestion, however, it 
was relatively easy to see that the insects do differ morphologically. 
Mr. A. B. Gahan has kindly compared both species with types at the 
National Museum, and states that one species is Callimome albitarse, 
and that the other species is an undescribed form. The undescribed 
species is the insect which was referred to in the first paper as Callimome 
albitarse. Thus statements regarding this insect made at that time, do 
not apply to Callimome albitarse, but to the new species which the 
writer is describing below. 

Although rather extensive collecting of sunflower seed has been 
attempted, the localities from which biological data have been collected 
are more limited. The biological work was started at Columbus, Missis- 
sippi, during the months of August and September, 1938, and continued 
during the fall at Austin, Texas. At Columbus, cultivated sunflowers 
were used, while at Austin, wild sunflowers were studied. I am 
informed, however, that both these types of sunflowers are considered as 
the same species by many botanists, namely Helianthus annuus L. 

As in the previous paper, this study deals particularly with the 
relations between some chalcidoid parasites and their hosts. It is 
possible that the failure to recover some of the species from both local- 
ities was due to the different times of the year at which each locality 
was investigated. 

In the sunflowers studied, there were three principal hosts of chal- 
cidoid parasites: Tephritis finalis Loew. (Trypetidae), Lasioptera murt- 
feldtiana Felt (Cecedomytidae), and Asphondylia globulus O. S. 
(Cecedomyiidae). 

The larvae of Tephritis finalis burrow among the seed and into the 
tissue of the receptacle, presumably gathering food from both sources. 

1The writer wishes to express grateful appreciation to A. B. Gahan who deter- 
timed the chalcidoid insects, and to E. P. Felt who determined the Cecedomyiidae 
mentioned in this paper. 
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The puparium may be formed within half-eaten seed, or among the 
seed, sometimes partially buried within the tissue of the receptacle. 
Only a very few of these insects were observed at the Austin locality, 
but they were very numerous at Columbus. 

Lasioptera murtfeldtiana occurs within normal seed, where the 
larvae become mature and pupate. Larvae of several stages may be 
found within the seed. Since immature midge larvae may be observed 
crawling among the seed, it is thought possible that the eggs are depos- 
ited among the immature seed, and that the larvae find their way into 
the seed sometime later. It is of course possible that the larvae seen 
among the seed might be another species, although to date only two 
species of midges have been reared: Lasioptera murtfeldtiana, and 
Asphondylia globulus. It is also thought probable that the larvae, once 
inside a seed, remaiy there until they reach maturity, rather than going 
from seed to seed. No nearly mature larvae were seen outside or among 
the seed. These insects were numerous at both localities studied. Ifa 
sunflower head possesses black seed, infected seed can sometimes be 
distinguished from healthy ones by their brownish color, but this is 
not invariable. In cases of heavy infestation, two or three midge 
larvae may sometimes occur within a single seed. 

The third principle host of chalcidoids, Asphondylia globulus, causes 
the seed to develop abnormally and form gall-like structures. These 
galls usually protrude slightly above the surrounding seed, and are more 
noticeable in sunflower heads in which the normal seed are still some- 
what undeveloped. In most instances, the gall maker or its parasite 
emerges before the normal seed reach complete maturity. These galls 
may occur singly or in groups, sometimes so closely applied to one 
another as to make separation practically impossible. Sometimes a gall 
may be formed on the bracts of the sunflower head. This type gall is 
caused by a cecidomyiid larva, and it is thought possible that it is the 
same species. In many cases, parts of the flower may remain attached 
to the top of the gall. Asphondylia globulus was much more abundant 
at Austin than at Columbus. 

In determining the parasites of the above insects, hundreds of nor- 
mal seed, seed galls, and puparia of Tephritis finalis, were opened and 
examined. Immature stages of the parasites were kept in the lab- 
oratory until they emerged as adults. Considerable trouble was encoun- 
tered in rearing the very young larvae of these insects, since, unless 
moisture conditions were just right, the larvae would die. W hen the 
host larvae to which the parasitic larvae were attached, were removed 
from the seed or gall, the parasites in most instances would detach 
themselves from the host, and thus eventually die. When host and 
parasite were’ placed back in the seed or gall from which they had been 
removed, the parasite remained attached, but molds developed, covering 
the seed or gall, thus causing the death of the occupants. The more 
mature larvae emerged before molds caused their death, however, and 
even a few of the younger larvae were reared to maturity. 

Since quite a few parasites are involved, it is thought best to discuss 
each insect separately. The following is the description of the new 
species of Callimome reared from sunflower seed: 
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Callimome obscura new species 


Female.—Average length about 2.5 mm. but occasionally minute 
individuals less than 2 mm. may be found. Ovipositor approximately 
the same length as the body. General color greenish to greenish blue, 
sometimes with a distinct brassy tinge. Portions sometimes with a 
definite purplish color as indicated below. Dorsal portion of face green 
to bluish green usually becoming somewhat coppery ventrally. Lower 
portion of face pitted and with whitish pubescence. Facial ridge definite 
between bases of antennae, but becoming indistinct ventrally. Scapes 
of antennae greenish dorsally and medially, yellowish at the base. 
Pedicel green, flagellum black. First joint of funicle shorter than the 
second, sometimes broader than long. The flagellum becomes slightly 
larger toward the tip. Parapsidal grooves delicate but usually sharply 
defined. Cross furrow on scutellum in most cases definite. Mesepister- 
num and adjacent portion of sternum purple; mesepimeron usually 
green to blue, sometimes with a purplish tinge. Anterior abdominal 
tergites incised in the mid-dorsal line, the incision in the first segment 
rather acute. Tergites thin, so that segmentation is rather difficult to 
define. Dorsal portion of abdomen greenish to greenish blue, but fading 
into coppery laterally and ventrally. Legs usually somewhat brownish 
at the joints. Coxae greenish to purple, the hind coxae in most instances 
distinctly purple dorsally, sometimes with a coppery splotch. Femur 
greenish to piceous; tibiae greenish to greenish piceous, usually becoming 
testaceous distally. Tarsi yellowish, tipped with black or dark brown, 
brownish at the joints. Hind tibial spurs comparatively short, the 
longest spur much less than one half the length of the first tarsal seg- 
ment. Stigmal vein sessile to subsessile. Postmarginal about twice the 
length of the stigmal. Fore wings behind stigmal vein fairly evenly 
ciliated, except occasionally an indistinct row of cilia may be seen 
running distad from the stigmal vein. 

Male.—Differs from the female in sexual characteristics and the fol- 
lowing: average length about 2 mm. Parapsidal grooves not as distinct 
in some instances as in the female. Scutellar furrow usually indistinct, 
and wholly absent in some cases. Usually more brassy or golden color 
on the dorsal portion of the thorax. Purple color on mesepisternum, 
sternum, and hind coxae, not as evident in many cases as in the female. 
Mid-dorsal incisions in tergites not as distinct as in female. Posterior 
portion of abdomen coppery both dorsally and ventrally. 

Type locality.—Tupelo, Mississippi. 

Types.—128 females and 79 males. Holotype and paratypes in the 
U. S. National Museum. Paratypes in the author’s collection. Several 
series, with slightly different emergence dates. All series labeled: 
Tupelo 9.9.37, Miss., sunflower seed, Breland Coll., Lasioptera murtfeld., 
Felt det. In addition the series are labeled as follows, representing 
emergence dates: one series: female male 9.11.37; another series: female 
male 9.18.37; another series: female male 9.23.37; another series: female 
male 10.1.37. 

, a, murtfeldtiana Felt. Family Cecedomyiidae. (Felt 
det.). 
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Distribution.—The writer has recovered this species from the fol- 
lowing localities: Mississippi: Tupelo, Tupelo 5 miles east, Columbus 
(many collections) Meridian, Jackson, Artesia (many collections), 
Crawford. Tennessee: Brownsville, Nashville, Memphis, Nashville 
3 miles north. Kentucky: Fulton 2 miles north. Indiana: Bloomington. 


e C. obscura recovered: Breland collector 


x Collections: no C. obscura recovered 


© C. obscura received from A, F, Satterthwaite 





Fig. 1. Collections of sunflower heads. 


Illinois: Metropolis, Carmi, Salem, East St. Louis, Braidwood. Ala- 
bama: Tuscaloosa, Guin, Florence. Texas: Austin, (many collections) 
Taylor 10 miles east; Bastrop. In addition, Mr. A. F. Satterthwaite has 
kindly furnished specimens reared at Webster Groves, Missouri. Figure 
1 illustrates the collections which have been made during the years of 





1939] Breland: Sunflower Insects 


1937 and 1938. As will be noted, many collections have been made 
from which no Callimonidae have been reared. The writer is not fully 
convinced that Braidwood, Illinois, represents the northern limit of this 
species. The collections in northern Indiana, northern Illinois, Iowa, 
Minnesota, and North Dakota, were made during the early part of Sep- 
tember which might possibly be considered late in the season for these 
regions. It is possible that C. obscura occurs there earlier in the season. 
This view is supported by the fact that only a few insects were recov- 
ered from Braidwood, Illinois, possibly indicating that this was near the 
end of the season for these insects at this and more northern localities. 
It is also possible that C. obscura might occur in some of the localities 
that were collected, but from which no parasites were recovered. Lasi- 
optera murtfeldtiana was reared from several places from which no 
Callimomidae were obtained. 

Callimome obscura greatly resembles Callimome albitarse Huber mor- 
phologically. Females of C. obscura were compared with a series of 
females of C. albitarse determined by A. B. Gahan, and these insects 
differ as follows: C. obscura averages smaller in size than C. albitarse. 
The parapsidal grooves are more distinct in C. obscura, while the first 
funicular segment is usually comparatively shorter. In C. albitarse there 
are in most cases two distinct rows of cilia extending from the stigmal 
vein; one row running distad, the other obliquely proximal from the 
stigmal vein. In C. obscura, these rows of cilia, when present, are very 
indistinct. The longest hind tibial spur in C. albitarse is nearly one half 
as long as the first tarsal segment, while in C. obscura the spur is much 
shorter. The ventral and lateral portions of the abdominal tergites in 
C. albitarse are greenish or greenish blue, while in C. obscura the ventral 
and lateral regions are coppery. In addition, the normal hosts of the 
two species are different. The male of C. albitarse has not been described. 

In dealing with species of such an apparent wide distribution, there 
is always the possibility that further collections and study will cause 
the species to be broken up into a complex of several species. In the 
case of C. obscura, however, the writer does not believe this to be prob- 
able. Since this insect occurs in sunflower seed, some of which are 
apparently normal, it might easily be distributed from place to place 
through human agencies, which would prevent isolation in any par- 
ticular region. 

One insect from the type locality was of particular interest. This 
insect was a male, and possessed bright red eyes. With this exception, 
the specimen came within the range of variation of the species. Normal 
specimens possess dull brownish red eyes. The writer believes this spec- 
imen represents a mutation in this particular character. 

In the previous study, it was mentioned that this insect (called C. 
albitarse at that time) was probably a parasite of Lasioptera murtfeld- 
tiana. This work definitely establishes this insect as an external parasite 
of this midge. Both host and parasite were fairly common at both 
localities studied. Several eggs of the parasite may be deposited in the 
seed containing larvae of the midge. Since the larvae of Lasioptera 
murtfeldtiana is not ordinarily a very active larva, it was not definitely 
determined whether or not the larva is killed during the oviposition of 
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the parasite. However, this seems likely. Recently hatched chalcidoid 
larvae (probably of C. obscura since no other parasites have been def- 
initely reared from seed thus far) have been observed to find their way 
to the cecedomyiid larvae and begin feeding. Sometimes two parasitic 
larvae may occur on a single host, but so far only one mature larva of 
C. obscura has ever been found within a single seed. It would thus seem 
likely that one larva of L. murtfeldtiana can support only a single par- 
asite; or that secretions from one larva are not compatible to other par- 
asites. After the callimomid larva becomes mature, all evidence of the 
host may disappear completely, but in some cases bits of the host larval 
skin and mouth parts may be observed. 

Within a few seed, very minute larvae and pupae of Callimome 
obscura were discovered. In these cases, there was no sign of a host of 
any kind. There is no direct evidence to explain these minute individ- 
uals, but two possible suggestions might be made. It seems possible 
that these small insects may either be phytophagous, or that they may 
have parasitized such immature stages of the host that sufficient nourish- 
ment was not present to permit the parasite to develop to normal size. 
Since it seems likely that the females of C. obscura would come nearer 
ovipositing in seed containing their host rather than in normal seed, the 
writer is inclined to the latter view. The failure to discover any trace 
of host is not of any particular importance, since this may happen in 
the parasitism of a normal larva of L. murtfeldtiana. 


In one instance, a larva of C. obscura was reared from a seed in which 
were the remains of a pupa of L. murtfeldtiana. It would appear in 
this case that the female parasite oviposited in a seed containing a pupa, 
or that the host completed pupation after it was parasitized. 


Callimome albitarse Huber 
(Callimomidae) 


This insect is normally an external parasite of Asphonydylia globulus 
larvae. The parasite was fairly abundant at both localities studied, and 
yas the most abundant parasite reared from the galls of A. globulus. 

Many chalcidoid eggs were discovered inside galls, either loose or 
loosely attached to the host larva. Many of these eggs were undoubtedly 
those of C. albitarse. Midge larvae in cells in which eggs were present 
were always dead, having probably been killed by the female parasite at 
oviposition. This could be much better determined than in the case of 
L. murtfeldtiana, since the normal larva of A. globulus is comparatively 
vigorous. As in the case of C. obscura, no trace of the host larvae could 
be found in many cases, after the parasite reached maturity. 

Sometimes a midge larva was discovered upon which there were two 
or more chalcidoid larvae. In most instances, all but one of the parasitic 
larvae were dead, and in some cases all were dead. Since only one 
mature parasitic larva or pupa was ever found in a single cell (except as 
noted below) it seems likely that only one callimomid larva can success- 
fully grow to maturity on a single host. 


In a few cases chalcidoid larvae were discovered that were parasites 
of other chalcidoid larvae, which were within the galls of A. globulus. 
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Because of the difficulty of identifying the larvae, and because of the 
difficulty of rearing, the identity of most of these larvae remained unde- 
termined. One of these parasites, however, was reared to maturity, and 
this insect proved to be a female of C. albitarse. Identity of the host 
larva was not determined. Whether the female callimomid oviposited 
from the stimulus received from the chalcidoid larva, or from the midge 
larva which may have been present at the time of oviposition, is of course 
not known. Attempts to get the females to oviposit in the laboratory 
have so far failed. It is known, however, that the larvae themselves are 
not very selective in their host reactions. Larvae of C. albitarse were 
shifted from their normal hosts, A. globulus, to larvae of L. murtfeldtiana, 
and to other chalcidoid larvae. These insects immediately began to 
feed, and several were reared to maturity; one larva appeared to be in 
the first instar when shifting occurred. The question of the specificity 
of the oviposition reaction of the females needs further study. 

C. albitarse may occasionally be an external parasite of the pupae of 
A. globulus as well as the larvae. Several larvae were found either 
attached to host pupae, or in a gall with the remains of a pupa, and one 
of these insects, successfully reared, was a female of C. albitarse. In one 
instance, a larva was discovered which was practically surrounded by 
the old pupal skin of the host. This insect was reared to maturity. This 
might indicate that on rare occasions the insect may be an internal 
parasite. 


Eurytoma obtusiventris Gahan 
(Eurytomidae) 


This chalcidoid was recovered in fair numbers at the Columbus 
locality, but so far none of them have been taken at Austin. This insect 
is a parasite of Tephritis finalis, and many have been cut out of the pupa- 
ria of the host. So far, the writer has not been able to distinguish 
externally parasitized from healthy puparia. It has so far not been 
determined just how or when oviposition of the parasite takes place. 


Zaglyptonotus mississippiensis Breland 
(Callimomidae) 


This insect as a parasite of the puparia of Tephritis finalis was 
recovered in fair numbers at Columbus, but so far has not been reared 
from Austin. 


Eurytoma albipes Ashmead 
(Eurytomidae) 


This species was the most numerous parasite besides C. albitarse 
that was found within the galls of A. globulus. Quite a number were 
reared from both localities. None of these insects were reared from the 
larval stage, but it is believed that normally the insects are parasites of 
Asphondylia globulus rather than hyperparasites. By far the larger 
number of parasitized larvae that were observed, were larvae of A. 
globulus bearing a chalcidoid larva, rather than a chalcidoid larva bearing 
a chalcidoid parasite. 
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In addition to the above insects which were recovered in fair quan- 
tities, several other species were represented by comparatively few 
individuals. 

Several specimens of Galeopsomylia columbiana (Ashm.) ( Eulophidae) 
were found as pupae in the cells of A. globulus at Austin. In one 
instance, 6 pupae were found in one gall, indicating the possibility of 
polyembryony. 

At least one new species of Rileya (Eurytomidae) was represented at 
both Columbus and Austin by a few specimens. Some of these emerged 
in the breeding bags, while some were cut from the galls of A. globulus. 
One specimen, reared from the larval state, was an external parasite of 
the larva of A. globulus. 


Several specimens of A prostocetus fidius Girault (Eulophidae), and 
Testrastichus sp. (Eulophidae) emerged in the breeding bags at Columbus. 
There is no indication as to what their hosts might be. 
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THE JOURNAL OF THE ENTOMOLOGICAL SOCIETY OF SOUTHERN 
AFRICA, vol. I, Mar. 1939, pp. 1-163, vol. II, Oct., 1939, pp. 1-263. Well 
illustrated, 6x94 inches. Published by the Society, P. O. Box 103, Pretoria, 
Union of South Africa; also from N. V. Swets and Zeitlinger, Keizersgracht 
471, Amsterdam, Holland. Price, vol. I, £1-2-6, vol. II, £2-0-0. 

The ANNALS has just received the two volumes which comprise the first year 
of the Journal of The Entomological Society of Southern Africa. Except for the 
unusual width of type block (4% in.) and the much more extensive use of twelve- 
point type the Journal appears much as does the ANNALS. But the Entomological 
Society of America maintains no library and makes no exchanges. 

The contents of the two volumes are largely in taxonomic entomology but 
several good life-histories are given and five articles are strictly in the field of 
applied entomology. 

‘*Proceedings’’ are not included in Vol. I hence the little information concern- 
ing the organization of the society is that gleaned from the ‘‘inside cover’’ and a 
membership list. The Entomological Society of Southern Africa was founded in 
1937. It started with eighty-one foundation members and four institutional 
members (four museums). The origin of university degrees is not always stated 
but with a scattering of degrees from England, Scotland, the Continent and the 
United States the majority of the members have degrees from the several univer- 
sities and agricultural schools of South Africa. The system of agricultural schools 
and research stations is remarkably well developed in Southern Africa; an inborn 
Dutch desire for the development of higher education. The President of the 
Society for 1937-38 was Prof. Dr. J. C. Faure, Professor of Entomology and 
Director of Locust Research, University of Pretoria. The President for 1938-39 is 
the Hon. Prof. Dr. A. J. T. Janse, Professor of Systematic Entomology, University 
of Pretoria. 

The ANNALS extends best wishes to the JOURNAL. Its success is guaranteed 
by its Dutch-English backing.—C. H. K. 


STUDIES ON THE ICHNEUMONIDAE OF NEW ENGLAND 


Part IT! 
Male Genitalia of the Subfamily Ichneumoninae 


Harry D. Pratt, 


Division of Entomology, 
The University Farm, 
St. Paul, Minn. 


Until the last two decades almost no work had been done on 
the male genitalia of ichneumon-flies. In 1919, G. C. Crampton 
published a basic work on the terminal structures of the lower 
Hymenoptera and discussed in considerable detail the two basic 
types: the orthandrous type in which the ossicles and inner 
forceps are on the ventral side and the strophandrous type in 
which ossicles and the inner forceps are carried to the dorsal 
side by a complete torsion of the genitalia. 

In 1924 Boulonge brought out a remarkably fine study of the 
male genitalia of sawflies with special reference to the muscles 
and their attachment. He summarized in a table all the systems 
of nomenclature of the parts of the Hymenoptera genitalia 
proposed to that date and proposed a new one of his own in 
addition. 

One of the first papers to figure and use the characters of the 
male genitalia of the ichneumon-flies was that of Waterston 
(1927) in his revision of the Cryptine genus Oneilella Cameron. 

In 1937, two very important papers were published and have 
had considerable influence on the present work. In his ‘‘Generic 
Classification of the Nearctic Sawflies,’” Herbert H. Ross pub- 
lished some very thorough and careful studies of the sawfly gen- 
italia and compared them with those of the Braconidae, the 
closest allies of the Ichneumonidae. 

Later in 1937, Oswald Peck published the first careful study 
on the genitalia of the Ichneumonidae, chiefly from the mor- 
phological viewpoint, and attempted to homologize the parts of 
the Ichneumonid genitalia with the parts of a typical insect leg. 


1The writer is publishing Part I in a coming issue of the Journal of the New 
York Entomological Society on ‘*The external morphology of a species of the 
Ichneumonidae,’’ to which the reader is referred for the general anatomy of a 
species of this group. 
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His terminology of the parts of the genitalia, therefore, disagrees 
in many details with that of the two foremost American mor- 
phologists, Crampton and Snodgrass, who believe that the 
Hymneopterous genitalia are phallic structures. Peck clearly 
showed that every part of the Ichneumonid genitalia is capable 
of variation and therefore of use in classification. His really 
great contribution, however, was his emphasis of the value of 
the subgenital plate (ninth sternite) and the post-genital tergites 
in classification. 

In 1988 H. K. Townes published his generic revision of 
Netelia (Paniscus of authors) and based his new species pri- 
marily on characters of the male genitalia. In this paper the 
Ichneumonine tribe Phytodietini of Cushman and Rohwer was 
definitely assigned to the subfamily Tryphoninae and placed 
with Netelia Gray in a newly-created tribe Neteliini. The 
writer agrees with this subfamily placing of the Phytodietini, 
and, for this reason, it is not considered in the discussion of the 
male genitalia of the subfamily Ichneumoninae. 


METHOD OF PREPARATION AND STUDY 


The genitalia were soaked in potassium hydroxide from one to three 
days, then in alcohol dissected from the rest of the abdomen and split 
on the mid-ventral line where the gonocardo is often narrowest and 
most poorly sclerotized. The genitalia were then flattened on micro- 
scope slides and mounted in Canada balsam. In this way distortion due 
to curvature of the parameres and inner forcipate structures was 
avoided, and, it is hoped, a true outline of the parts was obtained. 
These mounts were next projected by means of an enlarging machine, 
thus bringing the outlines into sharp silhouette, traced, and then redrawn 
while examining them through a binocular miscoscope. In all the 
figures of the genitalia, the left half of each drawing shows the external 
outline and characters of the flattened genitalia, while the right half 
shows the inner structures. To the left of each genitalia drawing is a 
figure of the subgenital plate or ninth sternite, drawn from the ventral, 
or external, aspect. 
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MALE GENITALIA AND PHYLOGENY OF THE ICHNEUMONINAE 


Ross (1937, p. 42), following Crampton (1919), has developed the 
hypothesis that the Ichneumonoidea arose from the Cephoid complex 
of the Orthandrous Tenthredinoidea. If this hypothesis is correct, it 
seems probable that of the five subfamilies of Ichneumonidae generally 
recognized, the Ichneumoninae (sensu Cushman and Rohwer) or the 
Pimplinae of other authors, is the most primitive. 

Brues (1927, p. 88) has advanced reasons for believing that, “Among 


the Hymenoptera . . . the most primitive groups not only of the 
phytophagous but of parasitic ones as well are definitely associated 
with the woody flora . . . Among the two dominant present day 


families of ichneumon-flies, the Ichneumonidae and Braconidae, we 
find the most primitive smaller groups of each to be parasites of wood- 
boring insects, e. g., the (tribe) Rhyssini and the (subfamilies) Spa- 
thiinae, Hormiinae, and Helconinae of the latter.” 

The writer is in accord with this view. Biologically it is possible 
that the Ichneumonidae did arise through the changing of the xylo- 
phagous habit to a predatory or parasitic one. Cushman (1926) and 
many others have noted that the Rhyssine type of parasitism is almost 
a predator type, since the egg of the parasite is laid in the burrow of the 
host larva and the parasite larva seeks out its host and feeds ectopar- 
asitically on it. 


POSITION OF THE RHYSSINI 


Brues would place the Rhyssini as the primitive tribe of Ichneu- 
monidae, but to the writer this seems incorrect. The Rhyssini exhibit 
too many specializations of their own—such features as transcarinate 
mesonotum and mesoscutellum, occipital carina atrophied dorsally, 
extremely long coxae and front tarsi—to serve as the basal group. In 
the male genitalia, the peculiar apically emarginate subgenital plates of 
Rhysella (fig. 17) and Megarhyssa (fig. 18), the apical knob on tue 
ventral side of the parameres, and particularly the extremely hard and 
chitinized parameres, all indicate that the Rhyssini is not the primitive 
group of Ichneumonidae, although it is admittedly one of the first and 
most important offshoots from the basal group. 


THE POSITION OF THE ICHNEUMONINI 


The writer would place the tribe Ichneumonini rather than the 
Rhyssini, as the basal group of ichneumon-flies, and, if one genus must be 
chosen, the present study indicates that the genus Jchneumon Linnaeus 
(sensu Cushman and Rohwer) is very close to the basal genus. The 
reasons for this choice may be briefly enumerated as follows: the genus is 
composed of wood-borer parasites thus agreeing with one theory as to the 
ultimate origin of the family; it has the more typical habitus in having 
the mesonotum and scutellum non-transcarinate, the occipital carina 
complete, and the coxae and front tarsi of normal size; the mesonotum 
has the notauli indicated anteriorly but not complete, thus serving as a 
basal genus for forms with notauli weak or absent as in most of the gen- 
era in the tribes Ephialtini, Theroniini, and Lissonotini; and also for the 
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genera in those tribes having the notauli sharply defined, as in the 
Rhyssini, Labenini, Xoridini, Odontomerini, and Polysphinctini. 

The male genitalia of Ichneumon L., too, are primitive. In the sinuate 
parameres (fig. 24) there is evidence that the fusion of the basal part of 
the paramere with the apical part, which has taken place in the Cephidae, 
has not been completed very long in its ontogeny. (Compare with the 
Rhyssini, figs. 16-18, or the Lissonotini figs. 1-6). Furthermore, the 
parameres are not heavily chitinized and have no apical knob as in 
those of the Rhyssine genera. 

The subgenital plates of the various genera of the Ichneumonini are 
most important in showing that the tribe Ichneumonini is primitive. 
From forms like Ichneumon (fig. 24), those genera with apically emar- 
ginate subgenital plates, as Xorides albopictus which is not figured, and 
the tribe Rhyssini (figs. 16-18) may have arisen, as well as other genera 
of the Ichneumonini with the apically emarginate subgenital plate: 
Scambus with its two subgenera Iseropus and Epiurus, Zaglyptus, and 
Tromatobia (figs. 24-28). These last genera form a homogeneous division 
of the tribe Ichneumonini characterized by the apical transverse carina 
of the propodeum being weak or absent, the claws of the female with a 
large basal lobe, in addition to the apically emarginate subgenital plate 
of the male. On the other hand, Delomerista and Perithous (figs. 29-30) 
are the New England representatives of the other division of the tribe 
which is characterized by having the apical transverse carina of the 
propodeum strong, the claws of the female simple, and the subgenital 
plate of the male drawn out into a broad, rounded apex. These features 
of Delomerista suggest an affinity with the tribe Ephialtini (figs. 8-10) 
and it is interesting to note that Schmiedeknecht (1906) placed Delo- 
merista as a subgenus of Pimpla, that is of the genus Ephialtes of this 
paper and of Cushman and Rohwer. 

The postgenital segments reveal that the tribe Ichneumonini is 
more primitive than the tribe Rhyssini. In the former (see figs. 40 and 
41) the ninth tergite is always separate from the cercus-bearing plate 
(probably the tenth tergite fused with eleventh, since the cercus is typ- 
ically borne on the eleventh segment, but for convenience in the fol- 
lowing discussion this plate will be referred to as the tenth tergite), 
while in the latter the ninth tergite is always partially fused on one side 
to the tenth (see fig. 34). 


THE TRIBE ICHNEUMONINI 


Starting with Jchneumon Linnaeus as the basal genus, a funda- 
mental division takes place at once. Delomerista and Perithous (figs. 
29-30) are set-off from the rest of the tribe by their apically-produced 
subgenital plates, and may be separated from each other by many 
characters: Delomerista has the broader, triangular subgenital plate, 
the narrower, more chitinized parameres, and especially the well- 
developed gonocardo; Perithous has the more nearly isosceles-triangular 
subgenital plate, the very broad, rounded, almost membranous par- 
ameres, and only a minute vestige of the gonocardo. 

In the other division of the tribe Ichneumonini, characterized by the 
apically emarginate subgenital plate, Scambus with its subgenera /ser- 
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PLATE I 


(Note: The genitalia are not all drawn to the same scale and the subgenital plates 
are drawn to a different scale than their corresponding genitalia.) 


1. Exetastes matricus Provancher. 2. Arenetra ventralis Cresson. 3. Lissonota 
varia (Cresson). 4. Syzeuctus elegans (Cresson). 5. Cylloceria sp. 6. Glypta nr. 
macra Cresson). 7. Theronia melanocephala (Cresson). 8. Ephialtes (Ephialtes) 
pedalis (Cresson. 9. Ephialtes (Itoplectis) conquisitor (Say). 10. Apechthis picti- 
cornts (Cresson). 


MBA—median basal angle of the paramere. 
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opus and Epiurus show their relation to [chneumon in the short sagitta. 
Iseropus has an extremely broad and narrow subgenital plate (fig. 25) 
and the parameres are tremendously elongate and pubescent; Epiurus 
(fig. 26), on the other hand, has a more triangular, much less pubescent 
subgenital plate with a slight elevation in the middle of the apical 
margin, and the parameres are broader and more rounded. Zaglyptus 
(fig. 27) has essentially the same type of subgenital plate, although it is 
less pubescent, and the sagitta is much longer than in either Epiurus 
or Iseropus. Tromatobia (fig. 28) is quite distinct in its isosceles-tri- 
angular subgenital plate with the broad V-shaped emargination, and in 
its sharply pointed parameres. 


THE TRIBE RHYSSINI 


Because of the transcarinate mesoscutum and the dentate clypeus, 
Cushman and Rohwer (1920, p. 396) believe that the genus Pseudorhyssa 
Merrill effects the transition from the tribe Ichneumonini to the tribe 
Rhyssini. Unfortunately, no male of this genus was available for study. 
Rohwer (1920, p. 417) has shown that the genus Rhyssa is the most 
primitive in the tribe, since the sternite of the petiole is not fused to the 
tergite and the tergites of the males are not emarginate posteriorly as 
they are in Megarhyssa and Rhyssella. The subgenital plate of Rhyssa 
(fig. 16) is certainly the most primitive and can be derived from an 
Ichneumon-like type (fig. 24) very easily. The parameres of Rhyssa 
show a distinct tendency to be flattened and sinuate, as in Jchneumon, 
and the apical knob (AK) on the ventral face of the paramere is almost 
membranous, not hard and chitinized as in Megarhyssa and Rhyssella. 
It is, without question, the most primitive New England genus in this 
tribe. 

The genus Rhyssella (fig. 17), as Rohwer (1920, p. 422) has written, 
is “in general habitus more like Rhyssa, but in structural characters 
closer to Megarhyssa.”” This statement is confirmed by the genitalic 
structures. The subgenital plate is apically emarginate and narrowed 
basally, as in Megarhyssa, but the sides are parallel on the basal half as 
in Rhyssa. The parameres have become more conical and more heavily 
chitinized, and the apical knob (AK) is more strongly developed than 
in Rhyssa. 

The genus Megarhyssa (fig. 18) carries the tendencies begun in 
Rhysella to an orthogenetic conclusion. The subgenital plate has 
become narrow, apically emarginate and rounded on the corners; the 
sides have become laterally-arcuately-emarginate, and the base sharply 
triangular. The parameres have become conical, very heavily chitinized, 
and there is a distinct, apical, inner knob on the paramere. Moreover, 
the gonocardo has become large and fused ventally along the median 
line, a condition rarely found in this subfamily. The three genera, 
Rhyssa, Rhyssella, and Megarhyssa (figs. 16-18) form the New England 
representatives of the tribe Rhyssini. The two features that all these 
genera have in common is the possession of the apical knob on the 
inner, or ventral face of the paramere, and the ninth and tenth tergites 
partially fused on one side (fig. 34). 
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PLATE ITI 


11. Hymenoppimecis wiltit (Cresson). 12. Polysphincta texana Cresson. 13. 
Labena sp. 14. Grotea anguinea Cresson. 15. Odontomerus canadensis Provancher. 
16. Rhyssa lineolata (Kirby). 17. Rhyssella nitida (Cresson). 18. Megarhyssa 
lunator (Fabricius). 19. Coleocentrus flavipes (Provancher). 20. Arotes vicinus 
Cresson. 

AK—apical knob of paramere. DV—distivolsella. 
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THE TRIBE ACOENITINI 


The tribe Acoenitini is composed in New England of two genera, 
Arotes and Coleocentrus, which are easily separated in color and structural 
characters. The genitalia show just as good characters for the separation 
of the two. In Coleocentrus (fig. 19) the parameres are huge and spat- 
ulate, being much longer than the aedeagus, and the sagittae are flat- 
tened globose. The subgenital plate is parallel-sided, strongly chitinized 
and usually well-pigmented. In Arotes (fig. 20) the parameres are much 
reduced, short and triangular in outline, and approximately as long as 
the aedeagus, while the sagitta is cylindrical and slightly longer than 
thick. The subgenital plate is almost diamond-shaped and has no 
parallel sides; it is membranous and almost colorless. 

Two features make the Acoenitini a distinct tribe. There is no dis- 
tivolsella, hence there is no inner forceps structure in this tribe. (Com- 
pare the strongly forcipate Megarhyssa with the well-developed distivol- 
sella (fig. 18, DV) with Arotes (fig. 20) or Coleocentrus (fig. 19).) This 
feature makes a wonderful character for tribal separation and may 
perhaps be associated with the presence of the large, vomeriform hypo- 
pygium in the female. The second feature characteristic of the Acoeni- 
tini is the fusion of the tenth tergites dorsally, while keeping the ninth 
tergites still separate (fig. 33). The affinities of this tribe are not known. 
It may have come from the tribe Rhyssini, as Cushman and Rohwer 
(1920, p. 395) suggest, being allied to this tribe in clypeal, ovipositoral, 
and biological characters, or the fused tenth tergites may indicate an 
affinity with the tribe Xoridini. 


THE TRIBE XORIDINI 


The tribe Xoridini is composed in New England, of three genera: 
Deuteroxorides, Xorides, and Poemenia. Cushman and Rohwer (1920, 
p. 396) wrote, “Through Deuteroxorides the Xoridini are related to the 
Rhyssini.”” This fact is easily seen by comparing the subgenital plates 
of Deuteroxorides (fig. 22) with Rhyssa (fig. 16) and more especially the 
general shape of the parameres and aedeagus. Poemenia appears to be 
more closely allied to Deuteroxorides than to Xorides and its triangular 
subgenital plate (fig. 23) is apparently a modification of that of Deuter- 
oxorides (fig. 22). The long, pointed parameres and peculiar aeadegus of 
Poemenia make it a very distinct genus. Xorides seems to have gone in 
the opposite direction from Poemenia. Its subgenital plate is more 
nearly truncate (in X. stigmapterus, fig. 21) but it may actually be as 
emarginate apically as Ichneumon (fig. 24) in the species Xorides 
albopictus which is not figured here. The parameres are broad and 
spatulate and show a transition to the tribe Odontomerini. 

The fused tenth tergites (figs. 32 and 33) will separate the tribes 
Xoridini and Acoenitini from the tribes Rhyssini and Ichneumonini 
which have the tenth tergites separate (dorsally), as in figs. 34, 40 and 41. 
The Xoridini may be distinguished from the Acoenitini by the presence 
of the distivolsella. It is possible that the two characters of fused tenth 
tergites and possession of the distivolsella may be characters of sufficient 
strength to characterize the tribe Xoridini, but many more species should 
be studied before this set of characters alone is used to key out the tribe. 
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PiateE III 


21. Xorides stigmapterus (Say). 22. Deuteroxorides vittifrons (Cresson). 23. 
Poemenia albipes (Cresson). 24. Ichneumon irritator Fabricius. 25. Scambus 
(Iseropus) coelebs (Walsh). 26. Scambus (Epiurus) pterophori (Ashmead). 27. 
Zaglyptus incompletus (Cresson). 28. Tromatobia rufopectus (Cresson). 29. Delo- 
mertsta novita (Cresson). 30. Perithous pleuralis Cresson. 
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The four tribes already discussed—Ichneumonini, Rhyssini, Acoeni- 
tini, and Xoridini—are members of the true Ichneumoninae, of which 
Cushman and Rohwer (1920, p. 394) wrote as follows: ‘‘All are exter- 
nally parasitic and each is related by more or less intermediate genera 
or by common characters of structure and habitus to one or more of 
the others.”’ These four tribes have one feature in common not found in 
any of the other tribes to be discussed, namely, the complete separation 
of ninth and tenth tergites, or in the tribe Rhyssini and in Deuterox- 
orides, a partial fusion on one side only. 





TRIBES WITH TERGITES NINE AND TEN FUSED 


All the following tribes have the ninth and tenth tergites fused, 
either laterally to produce syntergites (Peck, 1937) or fused laterally and 
dorsally to produce a single plate, the syntergum (Peck, 1937). 


THE TRIBE LABENINI 


Labena (fig. 13) is remarkable for its basally truncate subgenital 
plate with no trace of the spiculum at all. It has several other peculiar 
features, such as the annular gonocardo, and the very long sagitta artic- 
ulated with the volsella near its base and connected by articulatory 
membrane to the volsella for nearly two-thirds of its length. Labena 
may have arisen from Rhyssa-like ancestors before the spiculum had been 
developed, as is indicated by the strong development of the inner forceps 
in both genera. The very elongate sagitta is similar to that of Gas- 
teruption and this character, together with the insertion of the abdomen 
high on the propodeum, may indicate an affinity of the two genera. 

Grotea (fig. 14), on the other hand, has the base of the subgenital 
plate round, not truncate, and is very remarkable in having a lateral, 
weakly-chitinized spur on either side midway to the apex. There seems 
to be no antecosta or pubescence on the only specimen available for 
study. The parameres are more elongate than those of Labena and are 
rounded apically, not cut obliquely as in Labena. 

The Labenini is a valid tribe, easily separable by the complete 
atrophy of the spiculum at the base of the subgenital plate, and seems 
to have its nearest allies among the Rhyssini, although it has another 
feature found only in Odontomerus, the complete fusion of all the post- 
genital tergites, both laterally and dorsally, to form a single syntergum 
(fig. 35) which may indicate that tribes Labenini and Odontomerini are 
related, or more probably that they attained the same high level by 
parallel evolution. 





EXPLANATION OF PLATE IV 


31. Odontomerus canadensis Provancher, subgenital plate and syntergum. 32. 
Xorides stigmapterus (Say), subgenital plate and genitalia. Xorides albopictus 
(Cresson), postgenital tergites. 33. Arotes vicinis Cresson, postgenital tergites and 
genitalia. 34. Megarhyssa greenet Viereck, postgenital tergites and genitalia. 
35. Labena sp., subgenital plate and syntergum. 36. Lissonota varia (Cresson), 
postgenital syntergite and genitalia. 37. Polysphincta texana Cresson, postgenital 
syntergite and genitalia. 38. Theronia melanocephala (Cresson), subgenital plate 
and postgenital syntergite. 39. Ephialtes pedalis (Cresson), subgenital plate and 
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PLATE IV 


postgenital syntergite. 40. Delomerista novita (Cresson), subgenital plate and post- 
genital tergite. 41. Ichneumon irritator (Fabricius), postgenital tergites, genitalia, 
and subgenital plate. 42. Janus integer (Norton), genitalia (not dissected out and 
flattened). 43. Xyela minor Norton, genitalia (not dissected out and flattened). 





Ae—aedeagus. Gc—gonocardo. Par—paramere. Sag—sagitta. Vol—volsella. 
9T—ninth tergite. 10T—tenth tergite. 
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THE TRIBE ODONTOMERINI 


If the tribe Odontomerini is related to the Xoridini through Xorides, 
as Cushman and Rohwer believe, and as a comparison of the subgenital 
plates of Xorides (fig. 21) and Odontomerus (fig. 15) suggests (Odon- 
tomerus simply having the longer spiculum), it must still be decided 
from what section of the genus Xorides Odontomerus may have arisen. 
An examination of the genitalia of several species of Xorides indicates 
that the stigmapterus group of Xorides is most closely allied to Odon- 
tomerus in both shape of subgenital plate and in the broad, spatulate 
parameres. However, Deuteroxorides vittifrons may be closer to the 
intermediate since in the single specimen available for study, in addition 
to the tenth tergites being fused dorsally, the ninth tergites are almost 
completely fused laterally to the tenth tergites, producing a syntergum 
similar to that of Odontomerus (fig. 31), but with a distinct notch on 
each side showing that the fusion has not been completed very long in 
its ontogeny. So, Odontomerus may have arisen from the Xoridini from 
some Deuteroxorides- Xorides type of ancestor, with Labena arising from 
the Rhyssini by a process of parallel evolution. 


TRIBES WITH SYNTERGITES 


This concludes the discussion of what Cushman and Rohwer call the 
“true Ichneumoninae.” The remaining four tribes are not as easily 
characterized. All four have one feature in common, however, namely, 
the possession of syntergites formed by the fusion of the ninth and tenth 
tergites laterally but not dorsally (see figs. 36-39). 


THE TRIBE EPHIALTINI 


The tribe Ephialtini is the most distinct of the four remaining tribes 
and is characterized primarily by the subgenital plate which is drawn 
out apically into an acutely triangular point. Formerly all Ichneumonid 
specialists classified the genera of the Ephialtini with the various genera 
of the tribe Ichneumonini under the generic name Pimpla. The writer 
wishes to state definitely, with Cushman and Rohwer (1920, p. 394) that 
“except in superficial facies the (tribe) Ephialtini is very distantly 
related to the Ichneumonini to which the genera have almost inversally 
been referred.’’ No genus of Ichneumonini examined by the writer has 
an acutely triangular apex (as in figs. 8-10). Delomerista and Perithous 
are the only Ichneumonini genera with the subgenital plate apically 
produced, and even these have the apex rounded. Furthermore, the 
Ephialtine genera have syntergites whereas the Ichneumonini genera 
have the ninth tergites separate from the tenth (except in Calliephialtes 
comstocki, in which the subgenital plate is apically emarginate). 

Within the tribe Ephialtini the genera are most easily told by the 
shape of the subgenital plate and the size of the sagitta. All four of 
the New England species of Ephialtes subgenus Ephialtes have essen- 
tially the same type of subgenital plate as occurs in EF. pedalis (fig. 8) or 
in the genotype species E. instigator figured by Peck (1937, fig. 63). It 
is truncate basally with a minute, obtuse, median spiculum, and the 
parallel sides extend apically at right angles to the base. Half way to 
the apex the sides turn abruptly inward and converge, forming an 
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isosceles triangle about as long as the basal quadrangle. Ephialtes 
(Ito plectis) (fig. 9) has the subgenital plate very different. The spiculum 
is much longer, the base of the subgenital plate is not truncate, but 
rounded, and the apex forms a much broader, not isosceles, triangle. 
The sagitta is noticeably longer than in Ephialtes pedalis (fig. 8). In 
A pechthis (fig. 10) the spiculum is shorter and broader than in /toplectis, 
the sides of the subgenital plate are more nearly parallel, the apex is 
decidedly sharper and more narrowly triangular, and the sagitta is 
shorter. In genitalic features these three genera are distinct enough to 
form three genera, rather than the two generally recognized, with 
Ephialtes divided into two subgenera. 


THE TRIBE THERONIINI 


The tribe Theroniini always has had its species placed close to those 
of the Ephialtini. Theronia fulvescens has an apically produced sub- 
genital plate (as figured by Peck, 1937, fig. 52) and may effect the 
transition from the Ephialtini to the Theroniini. As with the other parts 
of the body, so in the genitalia, the yellow color will distinguish Theronia 
from the black Ephialtine genera, but the tribe cannot be characterized 
adequately on genitalic characters alone. 

The tribes Polysphinctini and Lissonotini likewise cannot be sharply 
delimited. The subgenital plate in the Polysphinctini is usually less 
pubescent than in the Lissonotini. The best single feature to use in 
separating the two tribes seems to be the shape of the aedeagus. In the 
Polysphinctini (figs. 11-12) the aedeagus is narrowed apically, while in 
most, but not all, Lissonotini the aedeagus is enlarged apically, more- 
over the apices of the parameres in the Lissonotini have a tendency to 
be more or less membranous while this is not so characteristic of the 
Polysphinctini. 


THE TRIBE POLYSPHINCTINI 


In the tribe Polysphinctini, Hymenoepimecis (fig. 11) is easily told 
by its yellow color, apically emarginate subgenital plate, and broad- 
apiced parameres. Polysphincta is typically black or piceous, has the 
subgenital plate apically emarginate with a median projection in Poly- 
sphincta texana (fig. 12) but truncate in P. slossonae, which is not figured 
in this paper, and the parameres long, narrow, and pointed. 

The Polysphinctini seem to have come originally from the tribe 
Ichneumonini, especially from forms like Epiurus and Zaglyptus (figs. 
26, 27) as is shown by a study of their genitalia. It should be noted, 
too, that these same Ichneumonine genera are always found associated 
with spider cocoons, egg masses, etc., so that the spider ectoparasites, 
like the Polysphinctini, may easily have come from the genera of 
Ichneumonini found associated with spiders. The genus Schizopyga is 
anomalous in this tribe since the ninth and tenth tergites are not fused 
into syntergites, as they are in the other genera like Polys phincta (fig.37) 
or Hymenoepimecis. The separate ninth and tenth tergite character is 
typical of the tribe Ichneumonini and may indicate that Cushman and 
Rohwer’s original placing of the genus Schizopyga near the tribe Ich- 
neumonini is more correct than their later placing of the genus in the 
tribe Polysphinctini. 
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The tribe Phytodietini is not included in this discussion since it 
probably is better placed in the Tryphoninae than in the Ichneumoninae. 
It has the ninth and tenth tergites separate laterally and dorsally as in 
the Ichneumonini and a subgenital plate somewhat similar to that of 
Lissonota (fig. 3). 


THE TRIBE LISSONOTINI 


The tribe Lissonotini is a diverse and possibly heterogeneous one. 
The only characters in the genitalia that seem at all constant are the 
broad and always more or less apically membranous parameres and the 
apically swollen aedeagus, sometimes also the broadly arcuate trian- 
gular base of the subgenital plate (see figs. 1-6). The shapes of the 
subgenital plates are easily seen in the figures of this tribe and vary so 
much within the limits of the genus that it does not seem wise to describe 
them individually. One interesting series may be noted, however, in 
the parameres. Starting with Evxetastes (fig. 1) there is a slight knob on 
the median basal angle of the paramere (MBA). In Glypta (which is 
here included with tribe Lissonotini) this knob has become much longer 
and projected towards the base of the aedeagus much more noticeably, 
while in Cylloceria (fig. 5) this median projection of the paramere is 
very pronounced. No significance seems to be attached to this series, 
although these genera are quite distinct from the rest of the tribe and 
are keyed out first in some generic keys. 

The affinities of the tribe Lissonotini are not known and it is safest 
to say that this tribe arose from the true Ichneumoninae complex 
without attempting to state from which definite section. 


KEY TO TRIBES OF ICHNEUMONINAE 

1. Ninth and tenth se separate, or only partially fused laterally (figs. 32, 
33, 40, and 41); tenth tergite may be fused laterally to ninth (fig. 34)...... 2 

Ninth and tenth tergites always fused laterally to form syntergites (figs. 
36-39), sometimes dorsally as well to form a syntergum..................5 
2. Tenth tergites not fused dorsally (figs. 34, 40, 41).............. cece eee eee 3 
Tenth. tergites fused dorsally (es. GB, Go). .... 06 cece vc cnecseccnseresen 4 

3. Parameres without an apical knob; tergites nine and ten wholly separated 
(except in Calliephialtes) (figs. 40, 41)............0 cece eee ees Ichneumonini 

Parameres with an apical knob on the ventral side (fig. 34); tergites nine and 
li FE - EY io 5 oa nisi Kx eevee Vier Svs rsenavewaueds Rhyssini 
4. Distivolsella absent, hence no inner forceps (fig. 33).............. Acoenitini 
Distivolsella present, hence inner forceps present (fig. 832)............. Xoridini 

5. Ninth and tenth tergites fused completely laterally and dorsally forming a 
I I I Ach ee Sa hae eR GSER RASH OOS AR CEL ROE EOeN 6 

Ninth and tenth tergites fused laterally but not dorsally to form syntergites 
NS ND os > Waiaie X4.4.05s ws ink adi bk ak oo Dist A Nore FR PW 6 hh Recs 7 
6. Subgenital plate without a spiculum (fig. 35)........... 2... eee eee ee, Labenini 
Subgenital plate with a well-developed spiculum (fig. 31)........ Odontomerini 


a Subgenit: il plate produced into an acutely pointed apex (fig. 39)... .Ephialtini 
Subgenital plate at most produced into a rounded apex, often emarginate. ..8 

8. Brilliant yellow species with the base of the subgenital plate more or less 

truncate, the apex broadly rounded (fulvescens) or truncate to emarginate 
NN CU ER, oo env ccecn dense sobcas tench ens reeeuwn Theroniini 

Usually darker or reddish species, with the subgenital plate more arcuately 
I FO 5 8 kd cc lee chad kccnen ery teen menee. 9 

9. Aedeagus broadened apically and parameres apically membranous (fig. 36), 
Lissonotini 

Aedeagus narrowed apically and parameres not apically membranous (fig. 37), 
Polysphinctini 
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SUMMARY 


Probably the best way to summarize the various facts 
brought forth in the preceding discussion is to set down the 
various characters in the form of a dichotomous key with 
reference to a single plate in which the significant characters, 
some of them perhaps of tribal value, have been figured in the 
form of a phylogenetic tree. The lines of descent have been 
traced from the most primitive Hymenopteron Xyela through 
Janus of the Cephidae to show the almost complete fusion of the 
apical segment of the paramere with the basal one. In Ich- 
neumon this fusion has been completed and the membranous 
area present in some specimens of Janus has been completely 
chitinized giving the typical Ichneumonid type of genitalia. 

From the tribe Ichneumonini, as typified by Ichneumon, the 
lines of descent have been traced to the various tribes, as typ- 
ified by a single genus in that tribe. From the various tribes of 
this subfamily lines of ascent have been traced to the other 
four subfamilies although it should be remembered that some of 
the subfamilies, particularly the Tryphoninae, may have been 
polyphyletic in origin and hence have been derived from sev- 
eral wholly different parent stocks. 

The subgenital plate of Echthrus is very similar to that of 
Xorides and shows that the transition to the Cryptinae through 
this genus, as suggested by Cushman, is entirely valid. From 
Echthrus a fairly good series may be traced through Cryptus to 
Spilocryptus and other Cryptine genera. 

The subfamily Tryphoninae may have arisen from the 
tribes Polysphinctini and Ichneumonini and also perhaps from 
some of the Lissonotini. 

The Lissonotini lead through the Banchini to the more typ- 
ical genera of the subfamily Ophioninae and it is possible that 
the Joppinae may have arisen from either the subfamily Cryp- 
tinae or from the Ophioninae, since the annualar gonocardo 
typically found in many genera of the Joppinae is also found in 
some genera of the Cryptinae and in many genera of the 
Ophioninae, and, curiously enough in the tribe Labenini of the 
subfamily Ichneumoninae. 

Naturally such a diagram is highly theoretical and is open to 
much criticism. The same facts apply to the dichotomous key 
below which is based on the structures of the male genitalia 
alone. However, the key is included here to bring out some of 
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the more striking features found in the male genitalia, with 
the hope that some of them may prove useful to later workers, 
and will show a new field of research for the taxonomic student 
of the Ichneumonidae. In a general way it agrees with the 
divisions of Cushman and Rohwer (1920). In this paper, how- 
ever, the tribe Glyptini is here combined with the older tribe 
Lissonotini and the tribe Phytodietini is excluded and relegated 
to the subfamily Tryphoninae in Townes (1938) tribe Neteliini. 
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FOOD PLANT CATALOGUE OF THE APHIDS OF THE WORLD, by EpiTH 
M. PatcH. Bulletin 393, pp. 35-431. Maine Exp. Sta. Dec. 1938. 

To those familiar with the many valuable contributions that Dr. Patch has 
made to our knowledge of aphid biology and taxonomy it is needless to enlarge 
upon the value of this very complete catalogue of food plants. However, it is 
certainly in place to put on record concerning this latest contribution that we 
count it as one of great service to the science of aphidology and deserving of great 
praise. Representing as it does the accumulation of thirty years of careful record- 
ing in which she acknowledges the assistance of her efficient assistant, Miss Alice 
W. Averill, it must prove a constant aid to students interested in the ecological 
relations of this remarkable family of insects. 

It seems appropriate also in view of Dr. Patch’s recent retirement from active 
station work to note the exceptional quality of her work not only in her special 
field of aphidology but also in her success in writing popular books in the field of 
general biology and nature study. It is to be hoped that she may continue for 
many years to add to the store of biological knowledge available to an interested 
public.—HERBERT OSBORN. 


A HORMONE WHICH INDUCES PUPATION IN THE 
COMMON HOUSE FLY, MUSCA DOMESTICA LINN. 


Paut DE BacH 


University of California Citrus Experiment Station 
Riverside, California 


Within the past few years a small group of workers in 
experimental entomology have been developing the new field 
of insect endocrinology. Most of this research has been in 
connection with hormones which initiate the processes of moult- 
ing and pupation, although hormonal activity has been shown 
to be present in the adult insect (Wigglesworth, 1936; Weed, 
1936 and 1937). Questions have arisen concerning the applica- 
tion to insects of the term hormone, but it may be used in the 
true sense of the word since these secretions are produced in 
ductless glands, comparable to vertebrate endocrine organs 
which discharge directly into the blood. 

Kopec (1922) was the first to suggest the possibility of 
hormone activity in insects. He utilized two methods for 
determining and eliminating the area or organ producing the 
hormone, namely, ligature and extirpation. Ligature involves 
tying off the region producing the hormone with a fine thread; 
extirpation is an operation which removes the organ producing 
the hormone. He showed that previous to a critical period 
which began after seven days in the last stadium, Lymantria 
dispar could be prevented from pupating by eliminating the 
supraoesophageal ganglion by either of the two methods 
mentioned above. After ten days in the last stadium had 
passed the hormone was in the blood and pupation could not 
be stopped. Caspari and Plagge (1935), Bounhiol (1936-a, 
1936-b), Kuhn and Piepho (1936), and Plagge (1938) support 
this with their conclusions that the brain furnishes the hormone 
in Sphinx, Bombyx, Ephestia, and Deilephila, (all Lepidoptera), 
whereas Wigglesworth (1936), Hadorn (1937-a, 1937-b), Burtt 
(1937, 1938) and others indicate that the corpora allata, which 
are situated very close to the brain, are the seat of hormone 
production in Rhodnius, Drosophila and Calliphora. 

Besides the two methods used by Kopec to determine the 
presence of hormones, two other methods, grafting or trans- 
plantation and injection, have been developed. Grafting 
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involves three methods of hormone determination: (1) joining 
a part, such as a leg, to a donor which may cause premature 
or extra moults of the leg due to a hormone produced by the 
donor (Bodenstein, 1933-a); (2) actual union of two insects, 
such as Wigglesworth (1934, 1936) has done with Rhodnius 
and shown to induce premature and extra moults; (3) trans- 
plantation of an active, secreting brain or corpus allatum into 
an insect not ready to moult and inducing moulting or pupation 
prematurely (Kuhn and Piepho, 19386; Hadorn, 1937-a, 1937-b; 
Plagge, 1938). 

‘The remaining method, injection, is used to induce premature 
moulting or metamorphosis by introducing hemolymph con- 
taining the hormone of an insect about to moult or pupate 
into the hemolymph of an insect not normally ready to do so 
(von Buddenbrock, 1931; Fraenkel, 1935). 

After Kopec’s first experiments, research on insect hormones 
progressed slowly, but the problem is rapidly attracting more 
and more workers. Summarization of the results of different 
workers has become necessary and has been done in part. 
Imms in his ‘‘Recent Advances in Entomology” (1937) fur- 
nished an excellent review of the field up to 1937. Fraenkel 
(1935), Bodenstain (1933-b) and Koller (1929) have earlier 
reviewed the problem. The culmination has been reached by 
Koller (1938) who has published an entire book on invertebrate 
hormones, with a special section devoted to those of insects. 

The present report describes experiments which indicate 
the presence of a pupation hormone, its place of origin, and its 
time of discharge in Musca domestica Linn. A simple yet 
adequate technique was found to be the method of ligature 
combined with dissection of living material. Further experi- 
mentation and technique was not pursued because the experi- 
ments described herein were found to corroborate the work 
of Fraenkel (1935) and Burtt (1937, 1938) quite fully and 
from the viewpoint of their results and conclusions more 
research with Musca would probably result in needless 
duplication. 

Ligatures were laid down, using very fine silk thread, on 
different segments of the body of mature larvae of the house 
fly. The larvae were reared in a room having a constant 
temperature of 80 + 2° F. and relative humidity of 70 + 5 
per cent and as a result are normaliy very close together in 
their development. This is a distinct advantage in this type 
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of work since the time of pupation can be estimated fairly 
closely. It was found from these ligature experiments that 
mature larvae ligatured anteriorly to the segment designated 
as the fifth by Hewitt (1914) would pupate only posteriorly 
to the ligature, while the body anterior to the ligature remained 
larval in character. This only occurred, however, if the 
‘‘critical period’ had not been reached and the hormone 
had not been secreted into the blood before ligature took place; 
otherwise pupation would occur on both sides of the ligature. 

When larvae were ligatured posteriorly to the sixth segment 
pupation occurred only anteriorly to the ligature, the ligature 
of course being made before the critical period. These results 
made it apparent that a hormone initiates pupation in the 
house fly and that it is secreted in the region of the ‘‘ganglion”’ 
of Hewitt (1914). Fraenkel (1935) has shown that cutting 
nerve trunks does not prevent pupation if circulation of 
hemolymph is maintained and so has eliminated the possibility 
of nerve control of pupation. 

Dissection in Ringers solution of living, mature larvae 
nearing pupation showed that the cells of Weismann’s ring 
were in a state of active secretion. The work of Burtt (1937) 
with Calliphora and Hadron (1937-a and 1937-b) with Drosophila 
led them independently to the suggestion that Weismann’s 
ring secretes the hormone inducing pupation. Burtt has 
shown (1937) that Weismann’s ring in the larva of Calliphora 
represents the modified corpora allata and is composed of 
actively secreting cells when nearing pupation. Burtt (1938) 
has later shown that extirpation or cauterization of Weismann’s 
ring will prevent pupation and therefore concludes that it is 
the source of hormone production. In view of the similarity 
in ring structure and secretion between Calliphora and Musca, 
the same conclusion is the obvious and only justifiable one. 

Further ligature experiments, in which mature larvae of 
different ages were used, have shown that the critical period 
in Musca domestica Linn. occurs about 20 hours before pupation, 
with extremes of 15 and 25 hours. If ligatured after this period, 
pupation occurs on both sides of the ligature. 
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BIBLIOGRAPHY ON THE GENETICS OF DROSOPHILA, by H. J. MULLER. 
132 pages. 1939. Published by OLIVER & Boyp, Edinburgh. Price, 5s. 
This very complete bibliography has been eagerly awaited by hundreds of 
Drosophilists. Since a similar list was published in 1924 the literature on this 
fly, mostly genetical and cytological, has increased seven-fold and the present 
list now contains 2,965 titles. A sincere attempt has been made to have the list 
exhaustive, at least on the genetics of Drosophila, while at the same time 
including most of the important papers on taxonomy, natural history, physiology, 
and morphology. Even short notices published in D. I. S. (Drosophila Informa- 
tion Service) are included. In addition, many genetical, cytological, and 
mathematical papers which do not deal specifically with Drosophila are included 
because of the marked influence which they have had on Drosophila genetics. 
The listing is alphabetical by author and no subdivisions of the subject are made. 
Each item contains the author’s name, date of receipt for publication (rather 
than date of actual appearance), and the journal and page reference.—C. W. C. 





FURTHER NOTES ON SYMPHYLA WITH DESCRIPTIONS 
OF THREE NEW SPECIES FROM CALIFORNIA 


A. E. MICHELBACHER 
University of California 
Berkeley, Calif. 


Although I have been interested in Symphyla for a number 
of years, only for the past few years has there been a serious 
attempt made to collect them. Up to the present time they 
have been found in almost every environment examined. They 
are found in areas having markedly different kinds of climate 
and can be collected in desert regions as well as areas receiving 
heavy precipitation. They have been collected in all types of 
soil, as stated by the writer in a recent paper (2). 

Some species have been found widely distributed and often 
very abundant; for example, the garden centipede, Scutigerella 
immaculata (Newp.). Another species which has been found 
widespread in central coastal California is Symphylella capitata 
Michelbacher. SS. essigi Michelbacher has been found fairly 
widespread in this same area, but it has never been taken in 
large numbers. S. subterranea Michelbacher has been collected 
in only a single location. This also holds true for the two species 
of Symphylella described in this paper. Some species are difficult 
to find, while in the same locality another species may be present 
in large numbers. This brings up the question whether some 
species are actually more abundant than others. It seems 
probable that this is the case although it may be that some 
species are apparently scarce because our knowledge concerning 
their most favored habitat is as yet insufficient. The apparent 
scarcity or abundance of species of Symphyla is also linked with 
size and the depth that they normally live in the soil. Some 
species are extremely small and easily overlooked unless searched 
for carefully. Some of the small species move about slowly 
and appear as hardly more than a tiny white thread upon the 
soil. Indeed, if it were not for the white color, many of the 
species would be most difficult to find in general collecting. On 
the other hand, those forms which are three or more millimeters 
in length are easily detected. 

Symphylans can be found most easily in soil that is moist 
from the surface down to a considerable depth. Under these 
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conditions Symphylella capitata is found most abundant in the 
first inch or two of soil, whereas S. subterranea is found most 
abundant between the 9 and 18 inch soil level. In general col- 
lecting this species is very likely to be overlooked, and yet in 
population studies (1) it has been found to be present in excess 
of 2,000,000 to the acre. Certainly, it cannot be considered 
scarce, but merely difficult to find. I believe that it can be con- 
cluded that the deeper a species occurs in the soil, the more 
difficult it will be to collect. 

The collecting of Symphyla is rather slow and tedious work, 
and in the course of a day only a relatively small area can be 
surveyed. Because of this the general distribution of many 
species will be determined very slowly. It is almost certain that 
as collecting is carried on, new localities will be found where 
some of the species now considered scarce will be found in 
abundance. 

At the present time I have a number of specimens belonging 
to the genera Scolopendrella, Hanseniella, Geophylella, and 
Symphylella, but in this paper only two species of Symphylella 
and one species of Hanseniella are described. Again I must say 
that caution should be used in the naming of new species. The 
variation which occurs within a species is considerable, and all 
descriptions should be accompanied by accurate drawings. 
Some workers have neglected to do this. 

The descriptions in this paper have been made from cleared, 
stained and mounted specimens. All measurements given have 
been made from the mounted material. I am indebted to 
Edward S. Ross for the drawing of the two species of 
Symphylella. 


Symphylella oviceps n. sp. 
(Plate I, Figures 2a to 2g) 


Head elongate, about 1.4 times as long as wide; central rod (coronal 
suture) interrupted at the middle, without median lateral branches; 
anterior branches (frontal sutures) distinct but not nearly as prominent 
as the central rod; head covered with long and short setae; diameter of 
post-antennal organ about one-half the greatest width of the third 
antennal segment. Antennae of 17 to 20 segments (holotype 20 seg- 
ments); setae on basal segments prominent and long, but somewhat 
reduced toward the apex; setae on inner side of basal segments about 
1.5 times as long as those on outer side; beginning of a second whorl 
of setae commences at about the seventh segment. On the next to the 
apical segment there are a number of small circular sensory organs 
located along the whorl of primary setae; similar organs should be 
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PLATE I 


Fig. 1. Symphylella sierrae n. sp. la, tip of antenna; 1b, head; Ic to le, first 
three large scuta; lf, spinneret; lg, hind leg. (all < 145). 


Fig. 2. Symphylella oviceps n. sp. 2a, tip of antenna; 2b, head; 2c to 2e, first 
three large scuta; 2f, spinneret; 2g, hind leg. (all 120). 
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found on the next 9 to 11 segments. In the type on the left antenna 
there are four of these sensory organs on next to apical segment, one 
each on the next 8 segments, two on the next and one each on the 
following two segments; the same arrangement is found on the right 
antenna except that there are only three sensory organs on the next 
to the apical segment. Also, associated with the circular sensory 
organs is a second type of sensory organ which is elongate and more 
numerous. Only the 13 scuta having the triangular processes are 
considered, and these are referred to by numbers. In all cases the 
triangular processes are prominent, and their tips have a tendency to 
be produced into small knobs. The number of setae found between the 


TABLE I 


NUMBER OF SETAE FOUND BETWEEN THE ANTERIOR LATERAL SETAE AND THE APICAL 
SETAE ON THE SCUTA WHICH HAVE TRIANGULAR PROCESSES 











Symphylella Oviceps sp. n. Symphylella Sierrae sp. n. 
Scutum 
Number : : 3 7 
Number of Range in the Number of Range in the 
Setae! Number of Setae? Setae! Number of Setae? 
1 7- 8 5- 8 5-5 4-5 
2 12-11 9-12 6-6 6-8 
3 6- ? 5- 7 5-5 4-5 
4 8-7 6- 9 4-5 4-5 
5 2-11 9-12 7-6 6-8 
6 7 ? 5- 7 3-4 3-4 
7 8- 8 5- 8 4-5 4-6 
; 8 1l- ? 9-11 7-7 6-8 
9 6- 7 5- 7 3-4 3-5 
10 7- 6 6- 7 5-4 4-5 
11 12- 9 9-12 5-5 5-7 
12 7 4-7 3-3 3-4 
13 8- 8 7-9 4-4 4-6 


1The number of submarginal and marginal setae, between the anterior-lateral 
setae and the apical setae, and the variation observed on the two sides of the same 
scutum in the type specimen. 

2Range in the number of submarginal and marginal setae between the anterior- 
lateral setae and the apical setae. 


anterior-lateral and the apical setae shows considerable variation even 
in mature specimens. The variation in the type and the range in 
variation expected to occur in the species are shown in Table I. The 
number of marginal setae on the two sides of the same scutum of the 
same individual may show some variation. The anterior-lateral seta 
of the second scutum is at least two-thirds as long as the processes; 
that of the third scutum nearly three-fourths as long as the processes. 
First pair of /egs reduced to wart-like structures, the remaining pairs 
well developed and sparsely covered with setae. Tibia of last pair of 
legs with four prominent setae on upper surface, their length nearly 
two-thirds the width of the segment. Tarsus with six prominent 
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setae on upper surface, four of which are protruding, the length of 
the setae equal to or a little longer than the greatest width of the seg- 
ment. Tarsus about 3.5 times as long as wide. Claws nearly equal. 
Styli much reduced, cone-shaped, densely covered with short hairs 
about one and one-half to twice as long as their width at the base. 
Seven pairs of fully developed coxal sacs are located at bases of fully 
developed legs from second to eighth pairs inclusive. Cerci large, well 
covered with setae, those on inner surface recurved and of nearly equal 
length, while those on the outer and upper surfaces are of two types, 
shorter recurved setae and longer and larger protruding setae. Length 
of cerci about 3.2 times their greatest width. Length of holotype, 4 mm. 


TTolotype, No. 4826, Calif. Acad. Sci., Ent. 

This species was collected on the California Packing Corpo- 
ration Ranch near Planata, Merced County. It was found in 
undisturbed soil in a garden and was found to range from near 
the soil surface to a depth of about 8 inches. It is rather closely 
related to S. subterranea but can easily be separated from it by 
a number of characters. In general it is much smaller. The 
average length of 19 mature specimens was 3.12 mm., while the 
average length of 34 specimens of S. subterranea was 4.97 mm. 
The range in length for S. ovicebs was 2.8 mm. to 4.1 mm., 
while for S. subterranea the range was 4.5 mm. to 6 mm. Spec- 
imens of S. subterranea in the 10 pair of leg stage were measured 
and found to be as large or larger than the largest specimens of 
S. oviceps. Other differences are mainly in proportions. The 
head of S. oviceps is more oval and about 1.4 times as long as 
wide, whereas the head of S. subterranea is only about 1.3 times 
as long as wide. The tarsus of the last pair of legs is about 3.5 
times as long as wide, while in S. subterranea the tarsus is 4.3 
times as long as wide. The cerci are about 3.2 times as long as 
wide, while those of S. subterranea are about 3.5 times as long 
as wide. The anterior-lateral seta on the second scutum is at 
least two-thirds as long as the processes, while in S. subterranea 
the anterior-lateral seta is generally less than two-thirds the 
length of the processes. 


Symphylella sierrae n. sp. 
(Plate I, Figures la to 1g) 


Head elongate, about 1.2 times longer than wide; central rod (coronal 
suture) interrupted at the middle and although without lateral branches, 
there is a fine suture or line that apparently passes through the inter- 
ruption and continues on either side perpendicularly to the central 
rod for some distance and then turns obliquely forward ending at the 
side of the post-antennal organ; anterior branches (frontal sutures) 
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prominent but less distinct than the central rod. Diameter of post- 
antennal organs about half the greatest width of the third antennal 
segment. Antennae of 18 segments; setae on basal segments prominent 
and rather long, but much reduced on distal segments; setae on inner 
side of basal segments slightly more than one and one-half times as 
long as those on outer side; the beginning of a second whorl of setae 
commences at the 9th segment. On next to apical segment three 
circular sensory organs are located along the row of primary setae. 
One of these organs is found on each of the next five segments; the 
following segment has none, but one is found on each of the next six 
segments. Also associated with the circular sensory organs is a second 
type of sensory organ which is elongate and more numerous. Only 
the 13 scuta having the triangular processes are considered, and these 
are referred to by numbers. In all cases the processes are prominent 
and there is a tendency for their tips to be produced into small knobs. 
The number of setae between the anterior-lateral and the apical setae 
show considerable variation even in mature specimens. The variation 
in the type and the range in variation expected to occur in the species 
is shown in Table I. The anterior-lateral setae on second scutum at 
least three-fourths as long as the processes; that of the third scutum 
about as long as the processes. The second setae posterior to the 
anterior-lateral setae on scuta 4, 7 and 10 much longer than the latter. 
First pair of Jegs reduced to wart-like structures, the remaining pairs 
well developed and sparsely covered with setae. Tibia of last pair of 
legs with four prominent setae on upper surface. Tarsus of last pair 
of legs tapering, about four times as long as the greatest width, with 
six prominent setae on upper surface, four of which are protruding. 
The setae about as long as the greatest width of the segment. Styli 
much reduced, dome-shaped, densely covered with short hairs, about 
one and one-half times as long as their width at the base. Seven pairs 
of fully developed coxal sacs are located at bases of fully developed legs 
from second to eighth pairs inclusive. Cerci large, well covered with 
setae, those on inner surface recurved and of nearly equal length; 
those on outer surface recurved and about equal in length, although 
one or two longer and somewhat protruding setae may be present. 
Length of cerci about 3.5 times their greatest width. The holotype 
measures 3.0 mm. Range for the species 2.7 to 3 mm. 


Holotype, No. 4827, Calif. Acad. Sci., Ent., collected at 
Briceburg, California, on a hillside May 4, 1938. At the present 
time this is the only locality where the species has been found. 

This species is rather closely related to S. capitata, but is 
distinguished from it by a number of very good characters. 
The setae on the outer surface of the cerci are nearly of equal 
length, whereas in S. capitata there are many protruding long 
setae. The tarsus tapers toward the apex, while in S. capitata 
the tarsus is more nearly of equal width throughout its length. 
The knobs on the triangular processes of the scuta are less 
distinct than in S. capitata. In the series of antennal segments 
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which carry the small circular sense organs there is one segment 
where these are absent while in S. capitata there is no break. 
There are many other differences such as in proportions of the 
length to width of the tarsus and cercus. On the scuta which 
have the triangular processes there are likely to be found more 
setae between the anterior lateral and apical setae in S. capitata. 


Hanseniella vandykei n. sp. 


(Plate II, Figures la to 1m and 2a to 21) 


Head slightly wider than long, central rod (coronal suture) inter- 
rupted or actually ending before it passes one-fourth the distance of 
the length of the head. Beyond the break but deeply set there is a rod 
that continues forward to a point just posterior to the post-antennal 
organs. From either side of the break there are lateral sutures which 
lead off diagonally from the central rod and continue to a point just 
posterior to the post-antennal organs. Anterior branches (frontal 
sutures) are present but barely distinguishable. The longest lateral 
setae anterior to the post-antennal organs not half as long as the breadth 
of the proximal antennal segment. Setae just posterior to spiracular 
opening nearly as long as the width of the third antennal segment. 
Antennae of 21 to 26 segments. Setae on proximal segments prominent 
and rather long, but considerably reduced toward the distal end of the 
antennae. Usually a second whorl of setae commences at about the 
3d, 4th, or 5th segment. Towards the distal end a third whorl of setae 
makes its appearance. Beginning at about the 7th to 9th segment from 
the proximal end in line with the primary row of setae very small setae 
may be seen. Setae on inner and outer sides of segments nearly of 
equal length. The apical segment has a large stalked organ set on a 
very conspicuous protuberance. Toward the proximal end and in line 
with the primary whorl of setae very small sense organs are found on 
some of the segments. These organs appear to have a very short 
stalk from which arise four hairs or setae. In numbering the scuta the 
first small one is included, so that in all there are 15. From the posterior 
margin of the first scutum four or five prominent setae project back- 
wards. On each posterior lateral margin of the second scutum there 
is a long seta which points anteriorly and is about two-thirds as long 
as the greatest length of the scutum. Between these 2 setae are found 
17 to 18 prominent setae. They are of several lengths, the longest 
only slightly more than one-half the length of the long lateral seta. 
The posterior margin of the scutum is rounded or convex. The third 
scutum is similar to the second. The long posterior lateral setae are 
somewhat longer than those on the second scutum and more than 
one-half as long as the greatest length of the scutum. Between these 
two setae 18 or 19 prominent marginal setae are found. They are of 
several lengths, the longest hardly one-half the length of the long 
lateral setae. The posterior margin of the fourth scutum is emarginate. 
The long posterior lateral setae are about the same length as those of 
the third scutum and about three-fourths the length of the scutum. 
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Between these are found 17 or 18 prominent marginal setae. The 
longest of these are not quite one-half as long as the long posterior 
lateral setae. Long lateral posterior setae similar to those found on 
scuta 2, 3, and 4 are found on scuta 6, 7, 9, 10, and 12. The posterior 
lateral setae on scuta 5, 8, 11, and 14 are much shorter and those found 
on scutum 13 somewhat intermediate in length. The posterior margin 
of the 14th scutum is slightly emarginate. Long, posterior lateral 
setae are not present although there are 2 setae that are longer than 
the rest. Between these 2 setae are found 8 to 12 prominent marginal 
setae. Anterior to the long setae on each lateral margin are found 
4 prominent setae. The upper surface of the femur, tibia and tarsus 
of the 12th pair of legs carries prominent setae. On the tibia there 
are about 10 setae, and on the tarsus 7 or 8 arranged in two rows. 
The tarsus is at least 4.5 times as long as wide. The claws on all legs 
are very unequal. The anterior claw is about twice the size of the 
posterior one. The first pair of legs only about one-half the size of the 
second pair. The tarsus supplied with a number of fairly well developed 
setae, of which there are 4 in a row on the dorsal surface. The large 
segment proximal to the body armed on the lower surface with a long, 
prominent spine, the length of which nearly equals the greatest width 
of the segment. Styli well developed, about 4 times as long as wide. 
There should be eight pairs of fully developed coxal sacs located at 
bases of 3d to 10th pair of legs inclusive. However, in studying a large 
number of stained specimens it appeared that the structures at the 
base of the tenth pair of legs are not completely developed and may 
represent only rudiments of coxal sacs. They certainly are somewhat 
similar to the rudiments found at the base of the 11th pair of legs. 
If this should prove to be true, we are probably dealing with a new 
genus, as the genus Hanseniella has 8 pairs of fully developed coxal 
sacs as reported by Ribaut (3). The present writer has never had an 
opportunity to examine specimens other than those being described in 
this paper. The calicles from which the posterior sensory setae (tricho- 
bothria) arise surrounded by branched setae. The cerci are large, 
about 3.3 times as long as their greatest width. They are covered 
with prominent, sparsely set setae which are roughly arranged in about 
five whorls, the setae becoming longer toward the distal end of the 
cerci. The longest setae slightly longer than the greatest width of the 
cerci. Length 3.0 to 3.4 mm. 


Holotype No. 4828, Calif. Acad. Sci., Ent., Woodacre, 
Calif., January 30, 1938. Specimens were found in fair abund- 





EXPLANATION OF PLATE II 


Fig. 1. Hanseniella vandykei n. sp. la, tip of antenna; 1b, antennal segment 
showing small sensory organ; Ic, head; 1d to If, first three scuta; lh, 14th scutum; 
li, hind leg; 1j, tarsus first leg; 1k, femur first leg; 11, stylus; 1m, spinneret. (all < 85). 

Fig. 2. Hanseniella vandykei n. sp. A large specimen from Briceburg. 2a, tip 
of antenna; 2b, antennal segment showing small sensory organ; 2c, head; 2d to 2g, 
first three scuta; 2h, 14th scutum; 2i, 11th leg; 2), tarsus first leg; 2k, stylus; 2l, 
spinneret. (all X 85 except 2b, which is X 170). 
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ance in surface soil. Specimens have also been taken at 
Lagunitas, at Vichy Springs, California, and several specimens 
have been collected in the hills back of Berkeley and Oakland, 
California. 

At Briceburg, California, large specimens of a symphylan 
very closely related to Hanseniella vandykei were collected in 
fair abundance. Mature specimens measured from 3.8 to 
4.8 mm. in length as compared to H. vandyket, whose length 
ranges from 3.0 to 3.4mm. Not only was difference in length 
observed, but other variations were noted. I hesitate to 
describe the Briceburg specimens as new because it is very 
possible that the differences observed could be due to difference 
in age. Some symphylans at least (1) molt from time to 
time during their entire life, and as a result certain structural 
changes take place. The relative length of the cerci is known 
to change with an increase in age, and the number of antennal 
segments also increase following the different molts. It is 
largely this kind of variation that is found to exist between the 
Briceburg specimens and material collected elsewhere. 

Following is a brief description of the specimens collected 
at Briceburg. Head same as in H. vandykei, but with the 
sutures more clearly defined. The longest lateral setae anterior 
to the post-antennal organs about one-half as long as the 
breadth of the proximal antennal segment. Lateral setae just 
posterior to the spiracular opening about as long as the width 
of the third antennal segment. Antennae of 27 to 34 segments. 
In other regards similar to H7/. vandykei. Shape of the scuta 
similar to those found in H. vandykei. Arrangement of posterior 
lateral setae much the same although the two forms do not 
agree in the length of the posterior lateral setae as compared 
to the length of the scutum from which they arise. For 
example, in H. vandykei the posterior lateral setae of the 
second scutum are about two-thirds the length of the scutum, 
while in the case of the large specimens from Briceburg the 
setae are about three-fourths as long as the scutum. The 
legs are similar, but here again there are some variations in 
proportions. For example, the length of the tarsus in relation 
to its width is greater in the specimens from Briceburg than in 
H. vandykeit. A rather prominent curved spine arises from the 
base of the claws of the first pair of legs. In most specimens of 
HT. vandykei this is lacking or is very difficult to see. Coxal 
sacs as in H. vandyket, cerci similar although in the Briceburg 
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specimens the length in proportion to the width is greater 
than in H. vandykei. The longest setae are considerably longer 
than the greatest width of the cerci. 

A number of small specimens of Hanseniella were collected 
at Briceburg. For the most part these had reached the 12-pair 
of leg stage and showed considerable similarity to H. vandykei 
and the large specimens collected in the same locality. 

Hanseniella californica Hilton is the only other species of the 
genus reported from California. H. vandyket is easily separated 
from it by a number of good characters. The claws of H. 
vandykei are very unequal whereas in H. californica they are 
equal. Also, on the dorsal surface of the tibia of the last 
pair of legs there are 7 or 8 prominent spines whereas in H. 
californica there are only two. 
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BLATCHLEYANA II, 1940, by W. S. BLatcHLEy; pp. 1-46, frontispiece portrait 
of author, cardboard bound, 6x9 inches. 1939. Published by THE NATURE 
PUBLISHING CoMPANY, 1558 Park Ave., Indianapolis, Ind. Price, postpaid, 
Part II, 50 cents; Parts I and II, 90 cents. 


In the December issue of the ANNALS, 1930, we called attention to Blatch- 
leyana 1930. We praised this highly as it was an authoritative library key to 
the writings of Doctor W. S. Blatchley, of Indianapolis, Ind., and Dunedin, Fla. 
To any entomologist who has had his initiation to entomology in an American 
school since the turn of the century Blatchley and his four manuals [Coleoptera, 
Rhynchophora (with Leng), Orthoptera, Hemiptera] need no further introduction. 
However, the earlier (1930) Blatchleyana did not prove to be perfect. The 
present (1940) part lists thirty-one items (mostly magazine and newspaper articles) 
which had been omitted from the earlier part. Eighteen items are listed as 
published in the years 1931 to 1939. 

Page 12 is a list of undergraduate compositions at Indiana University. Pages 
13 to 28 are extracts from the author's writings; page 29, a series of dedications 
to Blatchley of books by David Starr Jordan, J. Chester Bradley, etc. Then 
follow two pages of appreciative letters—the type of letter appreciated by a man 
who has spent his life in the clouds on an intellectual mountain top. On page 31 
is a half-page appreciation by the author, of his secretary, Miss Isadora Kessler, 
who worked with him for forty-two years. ‘‘But for her sympathetic, con- 
scientious and efficient aid my work would have fallen far short of what I have 
accomplished.’’ Then eleven pages of ‘‘Reminiscences of James Whitcomb 
Riley."" The volume closes with four pages headed ‘‘Some of my beliefs.’" We 
will comment no further than to remark that Blatchley’s intellectual life has 
been one built on the fascinations of nature in its out-of-doors aspects.—C. H. K. 








SOME TEMPERATURE COEFFICIENTS FOR 
INSECT OVIPOSITION 


F. H. HarrIEs, 


Bureau of Entomology and Plant Quarantine, 
U. S. Department of Agriculture,' 
Twin Falls, Idaho 


Studies of the effect of temperature have shown that insect 
oviposition is limited by definite temperature extremes within 
which the rate of egg laying is accelerated to a maximum and 
then is retarded by increasingly higher temperatures. Other 
work has shown that the acceleration of different biological 
processes may vary in proportion to the temperature or accord- 
ing to more complex relationships. For this reason a quantita- 
tive analysis of the relative effect of different temperatures is 
generally essential in the proper measurement and interpreta- 
tion of temperature as an environmental factor and also has an 
important relation to different theories on the nature of the 
effect of temperature on physiological processes. Since the 
effect of the same number of degrees difference in temperature 
may vary in different portions of the temperature gradient, the 
relations must ordinarily be determined by experimental 
studies of the relative influence of different intensities or con- 
trolled degrees of temperature. The fact that different tem- 
peratures may exercise a disproportionate effect shows that 
serious limitations may be involved in the analysis of variable 
temperature data in terms of mean temperatures. Curvilinear 
relations may be obscured and a spurious appearance of linearity 
may be produced, since in the use of mean temperatures in 
correlation there is a tacit assumption that temperatures above 
and below the mean are proportional in effect, as would be 
expressed by a straight-line graph. 


1Studies of Epilachna varivestis Muls., Microbracon hebetor (Say), and Drosophila 
melanogaster Meig. were conducted in the Department of Zoology and Entomology 
of the Ohio State University in 1930 and 1931 under the direction of Professors 
Alvah Peterson and William M. Barrows. Data for Eutettix tenellus (Bak.) were 
obtained in the Twin Falls Laboratory of the Bureau of Entomology and Plant 
Quarantine, U. S. Department of Agriculture, in 1932, under the supervision of 
Dr. P. N. Annand, and were prepared for publication under the direction of Mr. 
J. R. Douglass and Dr. W. C. Cook of this Bureau. Other assistance and sug- 
gestions by Prof. D. F. Miller and Dr. Neale F. Howard are also gratefully 
acknowledged. 
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The effect of temperature on other biological processes is 
markedly different in character. In many studies of insect 
development the rate of development appears to be quite 
closely proportional to the temperature and to have a linear 
relationship with temperature through a portion of the effective 
temperature range (Peairs, 1927; Shelford, 1927; Ludwig, 1928; 
Wardle, 1930; and others). 

Data on many other processes define curves of increasing 
slope in which the rate of activity seems to be an exponential 
function of the temperature. Examples of the curvilinear rela- 
tionship have been found in studies of carbon dioxide produc- 
tion (Krogh, 1914a) and oxygen consumption of insects (Rogers, 
1929, and Hellar, 1930), heartbeat frequency of a cockroach 
(Fries, 1926) and locomotor movements of blow-fly larvae 
(Miller, 1929. 

The chief purpose of the present paper is to assemble data on 
the temperature relations shown by studies of insect oviposition 
and to analyze many of the available data in relation to different 
temperature formulas commonly used to describe the nature of 
the accelerative influence of temperature on biological processes. 


REVIEW OF THE LITERATURE 


In only a few cases have experiments been conducted on a sufficiently 
quantitative basis to indicate the nature of the effect of a temperature 
gradient on insect oviposition. Data of Dunham (1930) show that the 
rate of egg laying of the honeybee queen was accelerated to a maximum 
and then retarded by progressively higher temperatures. The graph 
of the data is definitely sigmoid and the segment of rising slope resem- 
bles a compound interest curve. Temperature relations for oviposition 
of the beet leafhopper (Eutettix tenellus (Baker)), the Mexican bean 
beetle (Epilachna varivestis Muls.), the pomace fly (Drosophila melano- 
gaster Meig.), and Microbracon hebetor (Say) (Braconidae) were also 
found to be defined by S-shaped curves (Harries, 1933). In these 
examples the shape of the lower limb or rising portions of the curves 
resembles graphs of the van’t Hoff (1884) and Arrhenius (1889) equa- 
tions and the data are not obviously inconsistent with these expressions. 
Anderson (1934) observed that the effect of temperature on the ovi- 
position rate and total egg laying of Sitona lineata could be described 
by sigmoid curves. Kaliss and Graubard (1936) found similar temper- 
ature relations for the rate of egg laying of Drosophila melanogaster 
Meig. and concluded that the results were in fair agreement with the 
Arrhenius formula. In the case of viviparous reproduction, Wadley 
(1931) has shown results of a similar nature. These data on the number 
of young produced daily by the grain aphid (Toxo ptera graminum Rond.) 
at different temperatures were illustrated by concave curves that rise to 
a maximum and then decline at still higher temperatures. 
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FORMULAS FOR DETERMINATION OF VELOCITY COEFFICIENTS 


The principle of thermal summation, or the theory that completion 
of a definite amount of growth or physiological activity requires a 
definite amount of heat energy expressed as temperature summations, 
probably represents the first expression of a quantitative relationship 
for the action of temperature on biological processes (Réaumur, 1736). 
More recent applications of this theory to problems of insect develop- 
ment were made by Sanderson and Peairs (1913), Krogh (1914), and 
Blunck (1914), who emphasized that the relation between temperature 
and the velocity of development may be linear. This was expressed by 
Krogh in accordance with the formula Vtii=Vt+K, in which the 
increase in velocity (from Vt to Vt410) is proportional to the difference 
in temperature or equal to a constant value (K) for the same difference 
in temperature. 
According to the van’t Hoff equation 
Vt 
a _ - Pro, 
Vt 


the ratio of increase in the rate of activity (Qi) produced by a given 
difference in temperature remains constant and is expressed in terms of a 
difference in temperature of 10 Centigrade degrees. This expression, 
which may also be written Vtii0= Vt X Qw, differs from that of Krogh in 
that the constant is multiplied by instead of added to the rate at one 
temperature in order to obtain the rate at a higher temperature. In 
accordance with the formula, successive increases of the same difference 
in temperature would produce progressively greater increases in veloc- 
ity, and a graphical representation of the relationship would take the 
form of a curve of increasing slope. When the equation is expressed as 


log Vt40—log Vt =log Qo, 


it is apparent that the difference between the logarithms of the rate 
values is constant for the same difference in temperature or that the 
logarithm of velocity is a linear function of temperature and that agree- 
ment of actual data with the formula may be shown graphically by the 
approach of the logarithms of the values to a straight line. 

The most widely applicable formula connecting the rate of chemical 
reactions with temperature is that of van’t Hoff-Arrhenius, which has 
also been used extensively to describe rate-temperature relationships in 
biology. In this equation 


Ke (1/T,-1/T2) 

—me 2 

Ky 
K, and Ky, represent the rate of reaction at the respective absolute tem- 
peratures 7, and 7», e is the base of the Naperian system of logarithms, 
and wz isaconstant. In the form 


Me 
log Ke—log Ky=— (1/7,—1/T72) log e, 
2 
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it is apparent that the difference between the logarithms of the rate 
values is proportional to the difference between the reciprocals of the 
absolute temperatures. Agreement of observed values with the formula 
may be illustrated graphically by the approach of the logarithms of the 
values to a straight line when plotted against the reciprocals of the 
corresponding absolute temperatures. 

According to the chemical interpretation of vital phenomena, it has 
been assumed that the velocity of biological processes may be governed 
by the pace of a “master reaction” or first-order chemical process 
which is the slowest of the concurrent reactions composing it. Bayliss 
(1924) pointed out that physical processes such as diffusion and adsorp- 
tion concur with biochemical reactions and that diffusion may be the 
slowest factor or master process in controlling the velocity of a biological 
process as a whole. The problem of temperature coefficients in biology 
has been extensively reviewed by Bélehradek (1930) in support of the 
theory that diffusion in viscous media (protoplasm) is a master process 
in determining the velocity of many biological processes. 

Bélehradek (1926, 1928, 1930) concluded that thermal acceleration 
of the majority of biological processes follows a general rule expressed 
by the formula 

y=a/x 


in which x is the temperature in degrees Centigrade, y is the time nec- 
essary to accomplish a reaction, and a and 6 are constants. Since the 
graph of this equation takes the linear form when both axes (x and y) 
are logarithmic (log y=log a—b log x), the extent of agreement of data 
with the formula may be illustrated graphically in relation to a linear 
regression line by putting the temperature axis in logarithms and plot- 
ting the logarithms of the observed values. According to the nature of 
the logarithmic scale it should be noted that the relations of the expres- 
sion x depend on the temperature scale employed in the equation. 
Since biological significance is attributed to zero Centigrade in the use 
of ordinary temperatures, it was suggested that the expression be 
corrected by counting temperatures above biological zero in such 
instances where the minimum temperature for activity does not cor- 
respond with zero of the temperature scale. 

A curve of the catenary type, or having both increasing and decreas- 
ing slopes connected at the optimum, has been used by Janisch (1925, 
1927) to describe biological processes through the entire thermal range 
of activity. This method consists in the use of different combinations 
of eight primary expressions as components of the curve. In the form, 
y=(m/2) (a*+a*) (where y is the time necessary for a given reaction, m 
is the time at the temperature optimum, x is temperature in degrees 
Centigrade, and a is a constant), the equation of the catenary curve is 
obtained by addition from the exponential graphs y= ma* and y= ma—*. 
Numerous other combinations of two components are possible and 
these expressions or their reciprocals may be in turn combined with the 
different primary functions in a third series consisting of three com- 
ponents. With the addition of more components, the number of possible 
combinations is greatly increased and with four components an almost 
endless variety of combinations may be obtained. 











762 Annals Entomological Society of America |Vol. XXXII, 


Graphs of the equation are quite plastic in form and will often pro- 
vide a fairly close mathematical approximation of many sigmoid curves 
when appropriate combinations and values are determined for the 
various constants. Although the equation has the advantage of being 
applicable to data through a wide range of temperature, the descriptive 
advantage in flexibility obtained through the use of numerous constants 
gives an indefinite character for the shape of the regression curves. 

On biological grounds Bélehradek (1930) criticized the application 
of the Janisch curves to data obtained at higher temperatures where the 
velocity of reaction may vary considerably with the time of exposure. 
In this case the values of the constants of the equation would also be 
subject to similar variation and the advantage of considering the effect 
of unfavorably high temperatures and more normal conditions from 
the same viewpoint or quantitative expression was questioned. 

In addition to these equations used in curve fitting, other equations 
could doubtless be found that would provide a fairly close description of 
the data as long as results obtained at extreme temperatures were not 
considered. A simple exponential curve of the type y= Ae*, where y is 
rate of egg laying, x is temperature, and A, e, and d are constants, could 
evidently be used as a first approximation curve to describe the general 
or essential nature of the accelerative influence of temperature. In the 
straight-line form, log y=log A+bx log e, the extent of agreement of 
data with the equation may be shown graphically in the linear relation 
by plotting the logarithms of the observed values against the cor- 
responding temperatures. 

In this case the equation is analagous to that of van’t Hoff and the 
graphical relations are the same but the expression has the advantage 
that it may be used without regard to the implications associated with 
the latter formula. 


SOURCES OF THE DATA AND METHODS USED 


Temperature data for egg laying of the species Sitona lineata (Ander- 
son, 1934), Microbracon hebetor (Say) (Harries, 1937), and the honeybee 
queen (Dunham, 1930) were taken from the indicated sources in the 
literature and have been used in conjunction with original data on the 
Mexican bean beetle (Epilachna varivestis Muls.), the beet leafhopper 
(Eutettix tenellus (Bak.), and Drosophila melanogaster Meig. Other data 
of a similar nature on viviparous reproduction of the grain aphid 
(Toxoptera graminum Rond.) have been used after Wadley, 1931. 


EPILACHNA VARIVESTIS MULS. 


The beetles were segregated in pairs in cylindrical copper-screen 
cages 114 inches in diameter and 8 inches long that were closed with 
corks at the ends. Food consisted of cut shoots of bean plants that were 
selected for uniformity in size and color. Stems of the plants were 
placed through corks into vials of water in order to maintain plant 
turgidity. The insects were divided at random into different groups that 
were placed at different constant temperatures in controlled cabinets. 
The temperature variation was approximately +0.50° C. Examinations 
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were made daily about the same hour to record the number of eggs 
deposited and to supply fresh food plants. In order to minimize the 
effect of temperatures experienced by the insects previous to their 
placement under controlled conditions, rates of egg laying were based on 
the number of eggs deposited after the deposition of the first egg mass. 
The number of days from the first to the last deposition of eggs gave 
the time factor for the eggs produced during the period. 


DROSOPHILA MELANOGASTER MEIG. 


The pomace flies were confined in pairs in 18X50 mm. shell vials 
that were closed with screen caps. A relatively transparent banana-agar 
preparation was used for food and as an oviposition medium for the 
adult flies. This was poured into small glass cells while hot and was 
inoculated with yeast after cooling. The insects were grouped at random 
into different lots that were placed at different constant temperatures in 
controlled cabinets. Temperature variations were about +0.50° C. 
and relative humidity was maintained near 73 per cent by means of 
saturated solutions of sodium chloride. Examinations were made daily 
at about the same time to record the numbers of eggs deposited and to 
supply fresh food cells. The eggs were visible in the medium and were 
counted by placing the food cells under a binocular microscope. 


EUTETTIX TENELLUS (BAK.) 

The insects used were of the overwintering generation and were 
collected in the fall after fertilization normally occurs in the field. 
Female leafhoppers were contained singly in small cages that were 
designed to fit snugly around the petioles of small potted sugar beets 
that were used as host plants. The insects were grouped at random under 
different constant-temperature conditions in controlled cabinets. Dif- 
ferent temperatures were controlled with maximum plus and minus 
deviations within about 0.25° C. In this species the eggs are inserted in 
the plant tissue and the number of eggs deposited daily by each female 
was ascertained by clearing the exposed petioles in a heated concen- 
trated solution of chloral hydrate. After this treatment the embedded 
eggs were readily visible and were counted by examining the plant 
material in a clear solution of chloral hydrate under a binocular micro- 
scope. Rates of egg laying at different temperatures were based on the 
mean number of eggs deposited per day per female during a 7-day 
period after allowing an adjustment interval of 3 days to minimize the 
effects of temperatures experienced by the insects before being placed 
under controlled conditions. 

RESULTS 

In the example of Epilachna varivestis, the eggs are deposited at 
varying intervals in groups averaging from 50 to 55 eggs in number. 
The effect of temperature on the rate of egg production is shown chiefly 
by differences in the time between depositions which varies from about 
2 days at 26.67° C. (80° F.) to about 8 days at 15.56° C. (60° F.). Above 
15.56° C. which is near the minimum level for egg laying, the rate of 
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oviposition increased to a maximum at 26.67° C. and then declined at 
29.44° C, (85° F.). A summary of the results in terms of mean rates of 
egg laying at different temperatures are given in Table I. The effect of 
the temperature gradient is illustrated in Figure 1C. 
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Fig. 1—Graphs illustrating the relative effect of different temperatures on rates of 
egg laying or reproduction of various insects. 


Beginning at 18° C. which is apparently very near the minimum 
temperature for oviposition of Drosophila melanogaster, the rate of egg 
laying of this species was accelerated to 24°, where the maximum num- 
ber of eggs per day was obtained. Above 24° the rate of egg laying 


1939] Harries: Temperature and Oviposition 765 


decreased to 30°, which was the highest temperature employed. A 
lower rate of egg laying at the beginning and toward the end of the 
oviposition period (as was described by Kaliss and Graubard, 1936) 
contributes to variation in the present results which are based on the 
mean rate per female during the period of egg laying. The results 
obtained are summarized in Table II and the relative effect of different 
temperatures is illustrated by a graph of the data in Figure 1-B. 


TABLE I 


SUMMARY OF Data ON RATEs OF EGG LAYING oF Epilachna 
varivestis MULS. AT DIFFERENT CONSTANT TEMPERATURES 








TEMPERATURE FEMALES Eccs Per FeMaLe Day 





| 
. Cc. } | Number ° 
29.44 sf 25 19.68 + 0.81 
26.67 8 19 23.50 .57 
23.89 36 15.48 43 
21.11 28 11.76 .33 
23 8.14 28 
26 6.12 30 
25 0.00 + .00 


33 
56 


5 
2.78 


18 
1 
1 


i :"—~ «§  . errors 


TABLE II 


SuMMARY OF Data ON Rates OF EGG LAYING oF Drosophila 
melanogaster ME1G. AT DIFFERENT CONSTANT 
TEMPERATURES 








TEMPERATURE FEMALES Eccs Per FeMace Day 
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*Standard errors 


The minimum temperature for oviposition of Eutettix tenellus was 
found to be near 10° C. and limited oviposition responses occurred at 
temperatures as high as 46.11 (115° F.) and 48.89 (120° F.) degrees. 
The number of eggs deposited daily increased to a maximum at 32.22° 
(90° F.) and then declined progressively at higher temperatures. Mean 
rates of egg laying at different temperatures are shown in Table III and 
the data are illustrated in Figure 1-C. 
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TABLE III 


SUMMARY OF DaTA ON RATES OF EGG LAYING OF Eutettix 
tenellus (BAK.) AT DIFFERENT CONSTANT TEMPERATURES 








| 
TEMPERATURE FEMALES Eccs Per FemaLe Day 
AG, wre Number ° 
37.78 100 21 6.88 + 0.47 
32.22 90 18 9.77 = 56 
29.44 85 20 6.75 + .43 
26.67 80 19 6.15 = .37 
23.89 75 is | 417% .27 
21.11 70 17 | 288+ .27 
18.33 65 19 2.12 = 15 
15.56 60 15 | 1.40 + 10 
12.78 55 14 .85 + 15 
10.00 50 | 13 | 59 + 13 


*Standard errors 


Collated data for Microbracon hebetor, Toxoptera graminum, and the 
honeybee queen are also represented in Figure 1 to illustrate common 
features of the temperature relations for different species as shown by 
the general S-shaped curvature of the graphs. 


DISCUSSION AND ANALYSIS OF RESULTS 
Temperature data for oviposition of the various species are shown in 
Table IV in comparison with corresponding calculated values deter- 
mined by the method of least squares for agreement with the Krogh, 


TABLE IV 
RATES OF EGG LAYING oF VARIOUS INSECTS AT DIFFERENT TEMPERATURES AND 


CALCULATED VALUES FOR AGREEMENT WITH DIFFERENT ANALYTICAL EXPRESSIONS 





























| LAYING Rate In EGGs Per Day Per FEMALE 
g Temper- | ~ | ne ee ee ee ee 
SPECIES ATURE a oak CALCULATED VALUES 
Observed 
| Values - — - 
Krogh | van’t Hoff | Arrhenius Belehradek 
°C. | 
31.11+ 110 103 114 113 112 
Queen beet 29 .44+- 67 73 63 63 64 
27 .78- 34 42 35 35 35 
26.11+- 19 12 19 19 19 
32 .22+ 9.77 8.78 10.20 10.06 9.33 
29 .44+- 6.75 7.44 7.42 7.43 7.35 
26 .67- 6.15 6.09 5.40 5.45 5.66 
Eutettix tenellus 23 .89- 4.17 4.75 3.93 3.98 4.24 
21.11+ 2.88 3.40 2.86 2.88 3.06 
18 .33+ 2.12 2.06 2.08 2.08 2.11 
15 .56— 1.40 72 1.51 1.49 1.37 





tRates of egg laying of the queen bee are those given by Dunham (1930) for 
a 30-minute observation period. 
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TABLE IV—[Continued]. 
































LAYING Rate IN EGGs Per Day PER FEMALE 
TEMPER- oe 
SPECIES ATURE CALCULATED VALUES 
Observed 
Values 
Krogh van't Hoff | Arrhenius | Belehradek 
26 .67— 23.50 21.42 22.66 22.51 21.59 
23 .89— 15.48 17.21 16.24 16.28 16.47 
Epilachna varivestis 21.11+ 11.76 13.00 11.63 11.71 12.16 
18.33+ 8.14 8.78 8.34 8.36 8.59 
15.56— 6.12 4.58 5.97 5.94 5.74 
26.00 14.57 13.59 14.43 14.35 13.86 
24.00 11.10 11.57 11.31 11.32 11.34 
Microbracon hebetor 22.00 9.03 9.56 8.87 | 8.91 9.13 
20.00 6.85 7.54 6.95 | 6.99 7.19 
18.00 5.47 5.53 5.45 | 5.46 5.53 
16.00 4.29 3.52 4.28 4.25 4.12 
21.50 | 20.8 18.9 19.7 19.7 19.5 
Sitona lineata 21.00 15.8 17.5 17.3 17.3 17.3 
18.00 8.4 9.2 ee 7.8 8.1 
16.00 4.4 3.7 4.6 4.6 4.5 
——s« 00—s| 8.9 | 22.2 | 228 | 227 22.3 
Drosophila | 22.00 15.1 17.1 16.0 16.0 16.2 
melanogaster 20.00 | 10.9 12.0 io 11.3 11.4 
18.00 8.2 6.8 | 7.9 7.9 7.8 














van’t Hoff, Arrhenius, and Bélehradek expressions.? Other data (after 
Wadley, 1931) which show similar relations for viviparous reproduction 
of Toxoptera graminum Rond. have been similarly analyzed in Table V.? 


TABLE V 


COMPARISON OF OBSERVED AND CALCULATED VALUES FOR RATES OF REPRODUCTION 
oF Toxoptera graminum ROND. AT DIFFERENT TEMPERATURES 




















RATE IN NUMBER OF YOUNG PER Day PER FEMALE 
ForM anon Onszrvep CALCULATED VALUES 
VALUES 7 
Krogh van't Hoff Arrhenius | Belehradek 

*C. | 
Wingless...... ; 22.50 3.71 3.14 3.58 3.51 3.11 
20.00 2.28 2.66 2.54 2.53 2.51 
17.25 1.84 2.12 1.74 1.76 1.92 
12.00 88 1.09 84 86 1.00 
7.00 41 oa 42 42 .38 
Winged... ad ; 23.00 2.52 2.22 2.49 2.45 2.16 
20.00 1.72 1.84 1.74 1.74 1.74 
17.50 1.28 1.52 1.29 1.30 1.41 
12.00 .66 81 .67 .67 .78 
7.00 37 .16 37 .36 33 





2Computations were carried out to 7 decimal places using Centigrade equivalents 
of Fahrenheit temperatures and mantissas of the logarithms to the same number 
of places. Minus 273.13° C. was used as absolute zero in converting temperatures 
to the absolute scale. 
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Agreement of the observed data with the various formulas is illustrated 
graphically in Figures 2 and 3 by the correspondence of the plotted 
values with graphs of the equations in linear form computed according 
to the method of least squares. 
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LOG RATE OF EGG LAYING 
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VT. “ABSOLUTE xX 104 LOG TEMPERATURE 


Fig. 2. Rates of egg laying of different insects in relation to the Krogh (A), van’t 
Hoff (B), Arrhenius (C), and Bélehradek (D) formulas. 


This analysis includes only a portion of the data in the thermal range 
investigated for the different species. With the exception of the Janisch 
equations, the formulas previously cited are not generally applicable to 
the complete graphs, which are composed of at least two major segments 
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connected at the point of inflection shown by the change from positive 
to negative slope at higher temperatures (Fig. 1.). Although changes in 
the rate of egg laying with time or increased age of the insects may 
contribute to error and variance in results obtained at more favorable 
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Fig. 3.—Rates of egg laying and reproduction of different insects in relation to 
Krogh (A), van’t Hoff (B), Arrhenius (C), and Bélehradek (D) formulas. 


temperatures, the time factor seems to be especially important at 
unfavorably high temperatures. Since egg laying may be considerably 
stimulated for a short time at high temperatures and then decline more 
or less abruptly, it is apparent that an analysis of the exact temperature 
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relations shown would have little meaning unless the values were very 
accurately determined and critically analyzed in relation to the time 
factor. For this reason and the fact that the constants of the Janisch 
equation would also vary with the time of exposure, curve fitting was 
restricted to data occurring below the temperatures for maximum egg 
laying which define the rising portions of the different curves. At lower 
temperatures, which are evidently near the minimum level for oviposi- 
tion, values determined for the queen bee at about 24.17° C. (76.0° F.), 
for Microbracon hebetor at 14° C., and for Eutettix tenellus at 12.78° and 
10.00° C. (55° and 50° F.) show wide departures from different regression 
lines and have not been used in curve fitting. 

Comparisons of the data for different species with rates calculated 
for agreement with the Krogh relationship show marked differences 
(Tables IV and V). In general the observed values are less than those 
calculated at intermediate temperatures and exceed the estimated 
values at the more extreme temperatures. This is also illustrated graph- 
ically in Figures 2A and 3A, where the plotted data show a curvilinear 
trend in all cases and a relatively poor agreement with the straight-line 
graphs of the equation. A much better agreement is shown with values 
estimated according to the curvilinear relations of the van’t Hoff, 
Arrhenius, and Bélehradek equations (Tables IV and V). The degree of 
correspondence with these expressions is illustrated in Figures 2 and 3 
by the relation of the plotted values to regression lines of the different 
equations expressed in linear form. 

Differences in the scales used on the temperature axis in plotting 
graphs of the equations become greater at higher temperatures and 
differences in the graphical relations are more pronounced for wider ranges 
of temperature. The present graphs extend through a relatively narrow 
range of temperature and for this reason differences in the graphical 
relations of the data with reference to different equations are not very 
apparent. While it is clearly indicated that the different curves afford 
a better description of the data than does the straight line, the various 
graphs do not provide an obvious illustration of the best fitting type of 
curve as a basis for discrimination among the different formulas. 

Since the various regression curves and estimated values were 
computed according to the least-squares criterion of best fit, the devia- 
tions or errors of estimate are considered on the same terms or basis of 
comparison according to the sums of the squares. These values, which 
are at a minimum for each type of curve or analytical expression, are 
given in Table VI. In this way the data for the queen bee and Eutettix 
tenellus show least deviation from the Bélehradek equation. Data for 
the remaining species favor the van’t Hoff formula except in the example 
of Sitona lineata, where the same value is also shown for the Arrhenius 
equation. In other examples, such as Microbracon hebetor and both 
forms of Toxoptera graminum, the values are very nearly the same for 
both these expressions. In this case six examples out of the eight dif- 
ferent series of data apparently favor the van’t Hoff and Arrhenius 
formulas. Since slight differences in favor of the van’t Hoff expression 
are evidently not significant, a best hypothesis cr analytical description 
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for the effect of temperature on insect oviposition or reproduction is 
not shown by the methods used in curve fitting. 

Temperature coefficients for the various data are given in Table VII. 
As is also obvious in the actual data, constants for the Krogh formula 
(expressed in terms of a difference in temperature of 10 Centigrade 
degrees) show a definite trend toward progressively greater increases in 
value with successive increases of the same difference in temperature. 
Since Ky is theoretically a constant, the data are obviously not in 
accordance with the Krogh relationship. Values calculated for the con- 
stants of the van’t Hoff, Arrhenius, and Bélehradek formulas show 
considerable variation but with the exception of the data for Drosophila 
melanogaster there is apparently no regular order of change in value 
that would indicate inconstancy for the process. 


TABLE VI 


COMPARISONS OF DATA SHOWN IN TABLES IV AND V IN TERMS OF THF SUMS OF 
SQUARES OF THE DIFFERENCES BETWEEN OBSERVED RATES OF EGG LAYING 
OR REPRODUCTION OF VARIOUS INSECTS AND THE CORRESPONDING CALCU- 
LATED VALUES OF AGREEMENT WITH DIFFERENT TEMPERATURE FORMULAS 








Sums oF SQUARES OF THE DEVIATIONS BETWEEN 
OBSERVED AND CALCULATED VALUES 
SPECIES 
Krogh | Van't Hoff | Arrhenius | Belehradek 
Queen bee t exhasiad 198 | 33 26 14 
Eutettix tenellus ons aeeaa f 2.53 1.27 1.08 0.83 
Epilachna varivestis ae ee eee 11.64 1.36 1.70 5.14 
Microbracon hebetor eee ; 2.53 0.10 0.13 0.80 
Sitona lineata............ Seether 7.63 3.86 3.86 4.05 
Drosophila melanogaster............ 10.06 2.20 2.50 418 
Toxoptera graminum (wingless) Pie 0.68 0.10 0.11 0.43 
Toxoptera graminum (winged).... 0.23 0.0015 | 0.0059 0.16 





It is further necessary to point out that the extent of agreement 
shown with the Bélehradek equation in the previous analysis is obtained 
when temperatures are expressed in degrees Centigrade and that the 
relations may be quite different when the scale is based on temperatures 
counted above other levels than zero Centigrade. Minimum temper- 
atures for egg laying of certain species evidently occur considerably 
above zero Centigrade and in these cases the temperature scale may be 
based on temperatures counted above levels indicated as being near the 
minima for oviposition. As is shown in Figure 4A, the data for these 
species are obviously not in accordance with the formula when plotted 
in relation to linear graphs of the equation according to the modified 
temperature scale. In these cases (Fig. 4A) the values generally show a 
similar but less pronounced curvilinear or concave-upward trend as in 
graphs of the actual data (Fig. 1) instead of a straight-line relation as 
required for agreement with the formula. In the same way it is appar- 
ent that the constant b (slope) is not uniform in value as is theoretically 
required but tends to increase with higher temperatures. 
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Since biological significance of the Bélehradek formula evidently 
depends on revision of the temperature scale according to the biological 
minima, the data are apparently in greater consonance with the van’t 


TABLE VII 


CONSTANTS OF DIFFERENT TEMPERATURE FORMULAS CALCULATED FOR RATES OF EGG 
LAYING AND REPRODUCTION OF VARIOUS INSECTS AT DIFFERENT TEMPERATURES 








TEMPERATURE COEFFICIENTS 





























SPECIES TEMPERATURE ac Na I a 
Krogh van't Hoff | Arrhenius | Belehradek 
= Soe Kyo ro Mb b 
26. 11-27 .78 90.0 32.8 62,900 9.4 
Queen bee 27 .78-29 . 44 198.0 58.6 74,100 11.6 
29.44-31.11 258 .0 19.6 54,800 9.0 
15.56-18 .33 2.6 4.5 25,100 2.5 
18 .33-21.11 2.7 3.0 18,900 2.2 
Eutettix tenellus 21.11-23.89 4.6 3.8 23,300 3.0 
23 . 89-26 . 67 Be! 4.1 24,900 3.5 
26 .67-29 .44 2.2 1.4 6,100 9 
29 .44-32 .22 10.9 3.8 24,600 4.1 
15.56-18 . 33 7.3 2.8 17,300 By 
Epilachna varivestis 18 .33-21.11 13.0 3.8 22,700 2.6 
21.11-23.89 13.4 2.7 17,300 2.2 
23 .89-25 . 67 28.9 4.5 26,800 3.8 
16.00-18 .00 5.9 3.4 20,400 2.1 
18 .00—20 .00 6.9 3.1 19,200 2.1 
Microbracon hebetor 20 .00—22 .00 10.9 4.0 23,900 2.9 
22 .00-24 .00 10.4 2.8 18,100 2.4 
24 00-26 .00 17.4 3.9 24,200 3.4 
16 .00—18 .00 20.0 25.4 54,400 5.5 
Sitona lineata 18 .00-21 .00 24.7 8.2 36,100 4.1 
21.00-21 .50 100.0 244.3 95,300 3.7 
18 .00-20 .00 13.5 4.2 24,300 aa 
Drosophila melanogaster 20 .00-22 .00 21.0 5.1 28,200 3.4 
22 .00—24 .00 44.0 9.9 40,200 5.3 
7 .00-12 .00 0.9 4.6 24,400 1.4 
Toxoptera graminum 12.00-17 .25 1.8 4.1 23,200 2.0 
(wingless) 17 .25-20 .00 1.6 2.2 13,300 1.4 
20 .00-22 .50 5.7 7.0 33,750 4.1 
7 .00-12.00 0.6 3.2 18,500 34 
Toxoptera graminum 12 .00-17 .50 oa 3.3 20,000 1.8 
(winged) 17 .50—-20 .00 1.8 3.3 20,100 2.2 
20 .00—23 .00 2.7 3.6 22,100 2.7 





below the minima for oviposition that the resulting scale of temperature 
reciprocals for the biokinetic range is almost the same as the scale of 
Hoff and Arrhenius equations in all cases. Actually there is very little 
difference between the latter formulas since absolute zero is so far 
ordinary temperatures. The Arrhenius formula apparently affords a 
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4.—(A) Rates of egg laying in relation to the Bélehrddek formula when the 
temperature scale is based on temperatures counted above the minima for 
oviposition of the different species. (B) Rates of activity in relation to graphs 
of the equation y = Ae>* or curves shown in linear form in Figures 2B and 3B. 
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descriptive advantage only in the example of data for the queen bee and 
Eutettix tenellus (Table VI). The van’t Hoff equation serves at least 
equally well in other cases and seems logically preferable since an appar- 
ently adequate description is provided according to a more simple rela- 
tionship. In this case it is emphasized that the same agreement of the 
data with the van’t Hoff formula (Figs. 2B and 3B and Tables IV, V, 
and VI) also exists with an analogous exponential expression (previously 
referred to as y= Ae*) which describes the same relationship in which 
the percentage increase in rate of activity is proportional to the differ- 
ence in temperature. Agreement of the data with this expression is 
illustrated in Figure 4B by correspondence of the plotted values with 
graphs of the equation computed by the method of least squares. The 
same figure may of course also be taken as an illustration of the data in 
relation to regression curves based on the van’t Hoff formula that are 
shown in linear form in Figures 2B and 3B. 


TABLE VIII 


VARIATION IN THE LEAST SQUARES VALUES OF Qio AND SIMILAR DIFFERENCES IN THE 
VALUE OF » OF THE ARRHENIUS EQUATION FOR RATES OF EGG LAYING 
AND REPRODUCTION OF VARIOUS INSECTS 











Species Qro - 
CNR 6 elvan crs ana esea eects ae Gale sien 35.5 68,000 
Sitona lineata.......... arctan ae ae 14.2 44,000 
Drosophila melanogaster..............0004 — ee 5.9 32,000 
Toxoptera graminum (wingless) Sari ee 4.0 23,000 
Toxoptera graminum (winged)............ 3.3 20,000 
BESCTODPECOR BODCIOF..... acc cece esenesees ; nd 3.4 21,000 
ECOUGCRHHG UGPWESHS.... 6. wc cece ee enoen ee 3.3 21,000 
NE CORTE as 555 op eS ceivenneees 3.1 20,000 


The velocity of most chemical and enzymatic processes increase two 
or three times with a difference in temperature of 10 Centigrade degrees, 
giving values of Qi between 2 and 3 or values of » between 12,000 and 
16,000 (van’t Hoff, 1884; Arrhenius, 1889). According to Bélehradek 
(1930), the majority of biological processes have also given values of 
Qo and w within the same range but much higher and lower values have 
also been found. Least-squares values of Qi and yw for the present data 
give values above 3 and 16,000 in all cases and egg laying of the queen 
bee increased at the rate of approximately 36 times for a difference in 
temperature of 10 Centigrade degrees (Table VIII). Various attempts 
to classify biological processes and to identify the underlying biochem- 
ical or physical reactions on the basis of their temperature coefficients 
have been discussed by Bélehr4dek (1930) in his comprehensive review 
of the problems of temperature coefficients in biology. According to the 
varied magnitudes of the values of Qi and » shown for oviposition and 
viviparous reproduction of different insect species (Table VIII), a 
common underlying process is quite evidently not characterized by the 
value of the temperature coefficients. 
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SUMMARY 


Temperature data for oviposition and reproduction of dif- 
ferent insects show that the rate of activity is not proportional 
to the temperature through any appreciable temperature range 
as would be described by a straight-line graph. Data on dif- 
ferent species define S-shaped curves similar to those found for 
many other types of physiological activity. The general nature 
of the accelerative influence of temperature is illustrated by 
curve segments of increasing slope in which successive increases 
of the same difference in temperature apparently produce pro- 
gressively greater increases in velocity. In comparison with 
definite types of curves commonly used to describe biological 
processes, data for the rising portions of the curves apparently 
favor the van’t Hoff formula or analogous expressions in which 
the percentage increase in activity is proportional to the dif- 
ference in temperature. 
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PLANT AND ANIMAL COMMUNITIES. (Comprising the Proceedings of the 
Conference on Plant and Animal Communities, held at the Biological 
Laboratory, Cold Spring Harbor, Long Island, New York, from August 29 
to September 2, 1938.) Edited by Theodor Just. Pages 1-255, 1939, 
6 x 914 inches, cloth bound. (Reprinted from ‘‘The American Midland 
Naturalist,’’ 21 (1): 1-255, Jan., 1939.) For sale by The University Press, 
Notre Dame, Indiana. Price, postpaid, $2.50. 

The limited space afforded each of the ten speakers and the very compre- 
hensive subject discussed by each has tended to produce papers boiled down 
to definitions. The speakers have then tended to justify their particular defini- 
tions, i. e., points of view, and to analyze variant points of view more closely 
than usual. In one volume the reader gets a good view of the several so-called 
schools of ecological thought, what factors are stressed by this group of ecologists 
and what additions to the science have been made by that other ‘‘school.’’ It is 
the type of volume which should be studied carefully by every teacher of ecology 
and by all advanced students of the subject. After reading it the ecologist has a 
more definite idea of where lie the stresses and misfit ideas (questionable inter- 
pretations of data) in the philosophical structure of the science. It is a vigorous 
book as each of the ten authors has been limited to one section. It is a volume 
with no hastily written and weak chapters plugged into its latter half. 

The contents are as follows: Plant Associations on Land, by Henry S. Conard 
(Grinnell College); Littoral Marine Communities, by G. E. MacGinitie (California 
Institute of Technology); Fresh-Water Communities, by Frank E. Eggleton 
(University of Michigan); The Biome, by J. Richard Carpenter (Rhodes Scholar, 
Oxford); The Individualistic Concept of the Plant Association, by H. A. Gleason 
(New York Botanical Garden); The Unistratal Concept of Plant Communities, by 
Theodor Lippmaa (University of Tartu, Estonia, U. S. S. R.); The Climax and 
its Complexities, by Stanley A. Cain (University of Tennessee); Social Coordina- 
tion and the Superorganism, by Alfred E. Emerson (Chicago University); On 
the Analysis of Social Organization among Vertebrates, with Special Reference to 
Birds, by N. Tinbergen (University of Leiden); and Analytical Population Studies 
in Relation to General Ecology, by Thomas Park (Northwestern University). 

The final publication of this work was made possible by the editorial work 
of Professor Theodor Just, Editor of The American Midland Naturalist, and by 
financial help from Notre Dame University.—C. H. K. 
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DESTRUCTIVE AND USEFUL INSECTS, TuHerr Hasits anp CONTROL, by 
C. L. Mercatr and W. P. Fiint. Second Edition. Pages i-xvi and 1-981, 
584 text figures, 6x9, cloth. 1939. Published by McGraw-HILt Book Com- 
PANY, INnc., 380 West 42nd St., New York, N. Y. Price $7.50. 

‘‘Metcalf and Flint’’ is so well known and so much used by entomologists 
young and old that a mere announcement of the appearance of a second edition 
11 years after the first should be sufficient to place it in the libraries of hundreds 
of entomologists. However, our enthusiasm for this book cannot be restrained. 
If a young economic entomologist could afford only one book he would get the most 
for his money in ‘‘Metcalf and Flint.’’ 

Every writer of a second edition of a textbook will point out that knowledge 
of his subject has greatly increased since his book was first written and that he 
has endeavored to bring it up to date. Professor Metcalf and Mr. Flint have had 
to deal with the whole field of entomology in which tremendous advances have 
occurred during the past ten years, particularly in insect control. In spite of the 
staggering task confronting them, they have not only succeeded in bringing the 
book up to date in factual information but have improved the book in other ways. 
Perhaps the most valuable additions to the book are the keys to the orders of adult 
and immature insects, the latter being an innovation in a general textbook of 
entomology. Many illustrations have been added and the subject index enlarged, 
covering 81 pages against 58 pages in the first edition. Although the book is 
only 63 pages longer than the first edition the authors estimate that it contains 
20 per cent more material. This was accomplished by closer spacing of type, which 
is still easy to read. A definite scheme of arrangement is followed in the latter 
two-thirds of the book dealing with destructive insects and their control. Each 
species or group of related species is given a number that is used for cross reference 
in the text. Except for a few changes in wording, the chapter titles remain the 
same as in the first edition. ‘‘Forest insects’’ might have been included in the 
title of the chapter on insects attacking shade trees and shrubs, as those species 
that are of greatest concern in forests are not neglected. 

Sampling, as usual, the subjects best known to us, we have nothing but praise 
for the competent handling of the sections on postembryonic development, chem- 
ical control and household insects. We are particularly pleased to find a key (by 
M. R. Smith) for the identification of important species of ants and brief descrip- 
tions of the distribution and habits of 11 species. The important species of 
cockroaches are also given individual attention. On the whole, the book gives 
us the impression of having been written by good writers who know entomology 
from ‘‘abdomen”’ to ‘‘Zyklon.’’—F. L. C. 


ADDITIONS TO THE CHECK-LIST OF THE INSECTS OF CONNECTICUT 
by Witton Everett Britton, pp. 1-169, 534x9 inches. 

CHECK-LIST OF THE SPIDERS OF CONNECTICUT, by BENJAMIN JULIAN 
Kaston, pp. 175-201. Prices of both $1.00. 

The two constitute Bull. No. 60, Conn. State Geol. and Nat. Hist. Survey, 
1938. Distributed by the State Librarian, State Library, Hartford, Conn. This 
bulletin is the ‘‘First Supplement’’ to Bulletin No. 31, ‘‘Check-list of the Insects of 
Connecticut’’ published in 1921. The Supplement adds 2,088 species of insects to 
the 1921 Connecticut list of 6,781 species. Three hundred and ninety-three spiders 
are listed. 

This is another of those jobs well done, a type of work avoided by the average 
entomologist but a source of pleasure to those who have to check names and dis- 
tributions.—C. H. K. 


777 








778 Annals Entomological Society of America |Vol. XXXII, 


THE PRINCIPLES OF INSECT PHYSIOLOGY, by V. B. WiGGLEsworTH. 
Pages i-viii and 1-434, 316 text figures, 6x10, cloth, 1939. Published by 
METHUEN & Co., Lrp., 36 Essex St., Strand, London W. C. 2. Price 30 
shillings, also by E. P. Dutton & Co., Inc., 286 4th Ave. N.Y. Price $8.00. 

Every entomologist who has the slightest interest in insect physiology has 
heard of Dr. Wigglesworth of the London School of Hygiene and Tropical Med- 
icine and many have read his little book on insect physiology published in 1934, 
the first book devoted solely to this subject. Those who have read it and especially 
those who are acquainted with Dr. Wigglesworth’s numerous, original contribu- 
tions to insect physiology looked forward to the appearance of the present enlarged 
book with great anticipation. They will not be disappointed. This reviewer fears 
that his admiration for this book will lead him to praise it so extravagantly that 
the reader will question his judgment. All the adjectives used by advertisers 
spring to mind and must be resisted. To this reviewer Dr. Wigglesworth’s book 
is the best scientific book he has ever read. It is not only a magnificent, scholarly 
synthesis of insect physiology but is a work of art in style and illustrations, a model 
of scientific exposition. In English entomology only the book by R. E. Snodgrass 
on the principles of insect morphology can be compared with it. 

Our economic entomologists have been inclined to lament the alleged lack of 
information on insect physiology. Actually they have been lamenting their own 
lack of knowledge of the existing literature and their incompetence in foreign 
languages, particularly German. It is true that investigators who call themselves 
entomologists have, with a few exceptions, contributed little to insect physiology, 
but general physiologists, experimental zoologists, cytologists and geneticists, 
especially in Germany, have contributed a vast store of information, which when 
assembled and organized by the genius of Dr. Wigglesworth constitutes a logical, 
illuminating and imposing body of knowledge. For the first time a thorough 
inventory has been taken of our knowledge of all aspects of insect physiology and 
we now have a firm foundation upon which to build. We can turn with confidence 
to any chapter of this book for a summary of the present status of knowledge in a 
particular field and design experiments intelligently to extend our knowledge. 

Although the new book is several times larger than Dr. Wigglesworth’s first 
“‘Insect Physiology”’ it is written with the same admirable economy of words and 
clarity of expression. The new book is larger because of the inclusion of subjects 
not treated in the first book, because the older literature is more thoroughly 
covered, because the results of investigations of the past five years have been 
added, and finally because the number of illustrations has been greatly increased. 
The arrangement of subjects seems most logical. The first three chapters are 
devoted to development of insects from egg to adult, including the chemical and 
physical characteristics of the integument that has so much to do with the type of 
growth characteristic of insects. Then follow five chapters dealing with the 
muscular system and locomotion, the nervous system, the sense organs, all leading 
to the last chapter of this group on behavior. Up to this point, therefore, the book 
deals largely with the physiology of the whole insect. In the next four chapters 
we find an account of respiration, blood and circulation, digestion and nutrition, 
and excretion. Finally we have chapters on metabolism, water and temperature 
relations and reproduction. 

No doubt because of space limitations Dr. Wigglesworth rarely attempts 
to discuss or evaluate the literature to which he has referred, nor does he describe 
methods by which results were obtained. He does not, like Uvarov, point out 
gaps in our knowledge and plead for further research. His book is strictly imper- 
sonal; simply a well-organized, clearly written record of our present knowledge 
of the physiology of insects with enough information on the anatomy of insects to 
make the physiological matter understandable. The reader does not need much 
physiological background to appreciate the book. The information given is 
thoroughly documented, nearly every statement being supported by references 
to the literature, and yet this is done in such an unobtrusive way (by small super- 
script numbers referring to citations at the end of each chapter) that the reader 
is not distracted by names and dates. Titles of papers are not given in the 
literature cited but the subject of each citation is briefly stated in parentheses. 
This practice seems desirable in a book to save space and to make necessary 
consultation of the original literature for complete citation. Dr. Wigglesworth 
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is careful to refer the reader forward or backward in the book whenever the state- 
ment at hand can be illuminated elsewhere in the book. The reviewer was unable 
to find any typographical errors. The printing and reproduction of line drawings 
on the heavy paper are excellent. All borrowed illustrations must have been 
redrawn, for the style and lettering of all drawings are uniform, adding much to 
the pleasing appearance of the book. Many of the drawings, of course, first 
appeared in Dr. Wigglesworth’s papers or in his ‘‘Insect Physiology.’’ A complete 
subject index is given. With the aid of the index one could readily bring together 
what is known about the physiology of a species, genus or family of insects. 

What is the significance of this book for economic entomologists? Will it 
help to suggest or improve control measures? That depends on the experience 
and imagination of the reader. It might very well stimulate research on control 
in unexpected directions. Although Dr. Wigglesworth has not attempted to 
point out connections between physiological facts and control, he recognizes the 
relationship in his brief preface. Writing conservatively, he says, ‘‘Physiology 
may . serve to rationalize existing procedures [of control], or to discover 
the weak spots in the ecological armour of a species.”’ 

As information about the career of Dr. Wigglesworth is not conveniently 
available in this country, it may be desirable to present here a biographical sketch 
kindly sent by Dr. Wigglesworth to this reviewer. 

V. B. W1IGGLEswortH, born April 17, 1899, son of Dr. S. Wigglesworth 

of Kirkham, Lancashire. Educated at Repton School. 1917-19 served 

in France as an officer in the Royal Field Artillery. 1919 entered Caius 

College, Cambridge. Natural Sciences Tripos part I (Ist Class) 1921; 

ditto part II (Ist Class) 1922. Frank Smart Student of Caius College 

1922-24, carrying out research in the Department of Biochemistry (Prof. 

F. G. Hopkins). 1924 entered St. Thomas’s Hospital, London, to com- 

plete medical education. Medically qualified 1926; M. D. 1929, being 

awarded the Horton Smith Prize (Cambridge) for the best M. D. thesis 

of the year. 1926 appointed lecturer in Medical Entomology at the 

London School of Hygiene and Tropical Medicine. 1937 appointed 

University Reader in Entomology. 1939 elected Fellow of the Royal 

Society. 


In his letter of transmittal Dr. Wigglesworth adds: 


“The idea that entomology in this Institution should be given a 
physiological turn was due to Prof. P. A. Buxton; and as a physiologist 
and biochemist who had been a keen amateur entomologist from the 
age of 6, and who also had a medical qualification, I obtained the appoint- 
ment—with a brief to study the physiology of insects without worrying 
about immediate practical applications.’’ 


A complete bibliography of Dr. Wigglesworth’s publications now comprises 
71 titles including a few summaries of longer papers. Now at the peak of his 
career, it is to be hoped that he will be spared to continue his penetrating 
researches on the physiology of insects.—F. L. C. 


THE GREAT BASIN NATURALIST, Vol. 1, No. 1, 32 pp., 3 pls., July 25, 1939. 
Published at Provo, Utah, by the DEPARTMENT OF ZOOLOGY AND ENTOMOLOGY 
OF BRIGHAM YOUNG UNIVERSITY. Published four times a year. Annual 
subscription, $1.50 (outside United States $2.00). 

This is an ideal publication of the kind that most editors succeed in producing 
only in their dreams, say at 3:45 A.M. Theoretically the editor, the contributor 
and publisher are in complete accord. The editor of The Great Basin Naturalist 
is Professor Vasco M. Tanner. The three articles and page of ‘‘Notes’’ are by 
Vasco M. Tanner and the publisher is Vasco M. Tanner under guise of the Depart- 
ment of Zoology and Entomology of Brigham Young University. We hope that 
the next time we meet Professor Tanner, as one editor to another, he will give 
us the ‘‘low down’"’ on any differences of opinion that may have arisen between 
the editor and the chief contributor. Then, too, a publisher can be irritating 
at times. Furthermore, there is that special case of the law of diminishing returns 
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which states that: ‘‘The good die young.’’ We cannot believe that such a perfect 
journal can last long, at least in its present form. Perhaps it can metamorphose 
and come up tough and enduring, a true product of the desert whose fauna it 
discusses. 

One article is on spadefoot toads of the genus Scaphiopus, another (coauthor 
with Mrs. Tanner) is on the habits of the rubber boa, Charina bottae. The third 
describes new weevils. The article on toads carries three good plates. The 
quality of paper, general design and printing are excellent. The ANNALS wishes 
The Great Basin Naturalist the prosperous future that such pioneering deserves 
We apologize for our levity. We suffer from that editorial strain which comes 
from trying to adjust solemn articles to a serious scientific world. It is tomorrow 
and time to. . . etc.—C. H. K. 


MARVELS OF THE INSECT WORLD, by JEAN-HENRI Fabre. Translated by 
Percy F. BICKNELL, pp. xii and 239, wood-cut illustrations, 54% x 844 inches, 
1938. Published by D. ApPpLETON-CENTURY ComPANY, 35 West 32nd St., 
New York, N. Y. Price, postpaid, $2.50. 

Marvels of the Insect World is a series of twenty-one chapters on a great 
variety of entomological subjects. We note: Singing Insects, Metamorphosis, 
The Birth of the Stag Beetle, The Sacred Scarab, Butterfly Courtship, Honey- 
Bees, The Royal Cells—Swarms, Amazon Ants, etc. This translation of one of 
the great French entomologist’s works is in the spirit of Fabre himself. It is 
simple, with no technical terms. The chapters are chatty, personal encounters 
with insects. It is this honesty of observation and simplicity of writing which 
has made the writings of Fabre household works. Translations of his books have 
steady sale in the various low priced editions now on the market. In France 
Fabre is a national hero. The last de luxe memorial edition of the ten volumes 
of his Souvenirs Entomologique was an edition of 11,000 sets. Nothing else in 
entomology has even approached such editions. His writings are always 
enjoyable. 

Born in 1823 in St. Léons, near the mouth of the Rhone on the Mediterranean 
coast of France, Fabre spent the greater part of his ninety-two years in that 
strange and interesting Mediterranean fauna and flora of southwestern Europe. 
His father was a poor café-keeper, but at seventeen years this studious lad obtained 
by competition two years of school and his superior certificate at the Normal 
School at Avignon. This permitted him to teach. He was advanced through 
the faculties of various smaller schools until he was made Assistant-Professor of 
Physics at Avignon. In the meantime by examination he won a Doctor’s degree 
from the University of Paris. The quality of his teaching at Avignon won the 
honor of Chevalier of the Legion of Honor. In 1871 he retired from teaching and 
lived for a time at Orange, but finally at Serignan till his death in 1915. It was 
here that he made many of the observations in his garden and in the surrounding 
territory which are recorded in the ten volumes of the ‘‘Souvenirs.’’ It was here 
that he wrote in a barren room on the famous walnut table. He thought his 
compositions out while pacing around the table, then sat down and wrote and 
rewrote many times—hence the smoothness of his expression. That shrine of 
French entomology is said to still show the circular path worn into the floor about 
the walnut table. 

We have digressed as above because Fabre passed out of entomology in 1915 
just as the present generation of entomologists were planning on going to college. 
Few of us but have had to seek out the history of his work. We cite the following: 
Legros, ‘‘Fabre, Poet of Science,’’ The Century Company, New York; Bicknell, 
‘“‘The Human Side of Fabre,’’ The Appleton-Century Company; Eleanor Doorly, 
“‘The Insect Man,’’ a book for children published by Appleton; and an article, 
‘*Jean Henri Fabre, the French Entomologist,’’ by W. Lockhead of MacDonald 
College, Quebec (45th Ann. Rept. Ent. Soc. Ont., 1914, pp. 61-70). D. Appleton- 
Century Company have published altogether, in English translations, twelve of 
the Fabre volumes, all as interesting as the present. We feel that many ento- 
mologists, once they have spent an evening with Fabre, will continue this pleasure 
with other books of his as opportunity comes.—C. H. K. 


1939] Book Notices 781 


FIELDBOOK OF ILLINOIS WILD FLOWERS (by the staff with help), 
ILLtInois NATURAL History SURVEY MANuaL 1. Pages 1-406, colored 
frontispiece, about 400 text figs., 44% x 71% inches, cloth bound. 1936. 
Published by Illinois Natural History Survey, Urbana, Ill. Price, post- 
paid, $1.50. 

FIELDBOOK OF ILLINOIS LAND SNAILS, by Frank Coitins BAKER. 
Ittinois NATURAL History SURVEY MANvuAL 2. Pages 1-166, colored 
frontispiece, about 100 text figures of snails and habitats, 44% x 71% inches, 
cloth bound. 1939. Published by Illinois Natural History Survey, 
Urbana, Ill. Price, postpaid, $1.00. 

The first manual of this series, the Fieldbook of Illinois Wild Flowers, 
appeared in 1936. It keys out 600 of the common flowering plants of the state 
excepting the grasses, sedges and trees. It gives excellent text figures of about 
400 species. 

The Fieldbook of Illinois Land Snails is the second of the series of manuals 
on the wild life of the state. All species are beautifully figured by Dr. Carl O. 
Mohr, Staff Artist and Associate Entomologist. To a zoologist we have only to 
mention the author as being Frank Collins Baker to have immediate respect 
for the volume. Doctor Baker has studied American land and fresh water shells 
since 1890. He has been Curator of the Natural History Museum of the Uni- 
versity of Illinois since 1918. 

The Fieldbook is virtually a synoptic report on an extended survey and col- 
lection of land shells in Illinois which was begun in 1931 and has been continued 
to date. Over 20,000 specimens have been studied. These are not the product 
of random collecting but have been assembled through collecting which was 
carefully planned to fit the known ecological distribution of the Illinois fauna 
and flora. 

(As an aside we wish to point out some of the remarkable results in studies 
of insect and other faunae which have been achieved in the states of Ohio aad 
Illinois. These are based on ecological maps of prairie and forest distribution 
made by Professor E. N. Transeau and his students. No longer do we go on a 
collecting trip up or down the river or over into Smith or Jones Counties. We 
go directly to some sharply defined ecological feature indicated on these maps 
by the botanists, such as some oak-chestnut ridge, a cedar bog, a blue-stem 
prairie or a sand ridge, etc. In this manner we gather in rapidly those species 
which have very limited distribution within the state boundaries. It makes 
collecting more certain of interesting results. Distribution of animals soon 
becomes defined in the collector’s mind by ecological criteria. A comprehensive 
and somewhat detailed ecological map of a state steps zoological collecting up 
about one hundred per cent. It ties distributional data together and gives them 
point and perspective.) 

How the reviewer, as a boy, would have enjoyed this shell book, when it was 
practically impossible for a layman to find the name of an invertebrate! In its 
compact form and clear cut illustrations it is an elegant pocket manual.—C. H. K. 


UEBER ENTOMOLOGISCHE SAMMLUNGEN (Ein Beitrag zur Geschichte 
der Entomo-Museologie, by WALTHER Horn and ILSE KAHLE, pages 1-536, 
38 pls. with inserted ‘‘Introduction’’ and ‘‘Explanation to plates I-XVI,”’ 
6% x 9% inches uncut. For sale by R. FRIEDLANDER & SOHN, Berlin N W 7, 
Karlstrasse 11. Price, paper bound, Part I, RM 8, Part II, RM 8, Part III, 
RM 10, (about $10.66). This work has appeared as volumes 2-4 of Ento- 
mologische Beihefte aus Berlin-Dahlem—published by the Biologischen 
Reichsanstalt and Deutschen Entomologischen Institut der Kaiser Wilhelm- 
Gesellschaft. 

“Concerning Entomological Collections (A contribution to the history of 
entomological museology)’’ is one of those almost incredibly detailed and 
comprehensive German monographs. It consists of eight chapters, but Chapter I 
holds some publishing records. It is an alphabetical list of: ‘‘Collections which 
have changed owners.’’ In each entry (1) the first owner or collector is given, 
(2) the date of his birth and death, (3) a key word or two which gives the col- 
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lector’s home institution, particular expedition or other placement record, and 
(4) the present depository of the collection. This is a long list and consequently 
a long chapter. It starts on page 1 and moves quietly along to ‘‘Lullwitz’’ on 
page 160, where Part I closes with sixteen plates and a twelve-page inserted 
explanation of plates. With a short rest from December 14, 1935, to October 4, 
1936, and the insertion of one unnumbered ‘‘Introduction to Part II,’’ Chapter I 
begins again in Part II on page 161 with ‘‘Luetgens’’ and progresses impressively 
to ‘‘Waterhouse’’ on page 296, where its progress is broken by Plates XVII-XXVI. 
Then a rest until August 1, 1937, when Chapter I begins again in Part III with 
‘‘Waters’’ on page 297 and finally arrives at ‘‘Zurick’’ on page 313. (However 
it has not yet arrived at Chapter II.) Chapter I gathers up its list of collectors, 
picks up its data, and starts again on page 314, this time over the road of an 
“‘Addition,’’ which lists omissions and corrections from Aaron te Zimmermann 
on page 388. Here Chapter II appears across the stitching on page 389. The list 
totals about 7,760 entries. Our hat is off to German perseverance and thorough- 
ness. An American author or editor would have reversed the arrangement. 
Chapters II to VIII would have appeared as Chapters I to VII and Chapter I, the 
388 page list of collections, would have appeared as an appendix to the work. This 
would be an arrangement which would appear as strange to a German scholar as 
the German arrangement does to us. 

Chapter II, Concerning the History of Past Amateur Circles in Middle 
Europe, is an interesting and somewhat detailed history of collectors and col- 
lections up to the present. Chapter III, Concerning the Development of Ento- 
momuseology Especially in Western Lands, discusses the development of and 
management of the great entomological collections of Europe, those of London, 
Leningrad, Vienna, Paris and Berlin. Chapter IV, Concerning the Relations of 
Systematic Entomology to Experimental Zoology: Here the authors discuss the 
relations of museum and collections to experimental and applied science. Chapter V, 
Concerning Experiences in Loaning Insects. Chapter VI, Meditations on Experi- 
ences Which I Have Had in the Course of 48 Years in Correspondence with 
Museums of Many Lands. VII, Concerning Reorganization Ideas for the Larger 
German Museums. VIII, Final Observations. 

The thirty-eight plates are wholly plates of pin labels which show the char- 
acteristic style of label (size, shape, border and hand writing) as prepared by 
many museum men. 

The volume is an invaluable historical record by one who probably contacted 
more museum men during the past fifty years than did anyone else. It will be 
of inestimable service in tracking and locating material of many famous col- 
lections, specimens which are described and are type material but not marked 
so in the earlier days of entomology. The entomological world will miss Doctor 
Horn and his continuous efforts to make a sounder science out of entomology. 
He was a learned and an indefatigable worker for the good of his science.—C. H. K 


THE BUTTERFLIES OF THE NIAGARA FRONTIER REGION and Beginner's 
Guide for Collecting, Rearing and Preserving Them, by WILLIAM WILD. 
Pages 1-55, 12 text figs., 8 pls., cardboard bound, 63% x 934 inches (Vol. 19, 
No. 1, Bull. Buffalo Soc. Nat. Sci., 1939). For sale by Buffalo Museum of 
Science, Buffalo, New York. Price, postpaid, $1.00. 

In this simple and direct guide to the butterflies common to the northeastern 
states we have what appears to be the best of its kind available. The eight 
plates carry 88 figures covering 65 species of butterflies. There are no other 
keys to the species. None are needed as these are eight plates of the best black- 
and-white figures of butterflies we have seen. Apparently only the most perfect 
and brilliantly colored specimens were photographed for the plates. The names 
follow McDunnough’s Check List, 1938. Under each species is given a short 
text covering size, color-description, habitat, time, caterpillar and food. Pages 
7-13 have brief instructions for the beginner in collecting and preserving butterflies. 
The little volume carries a bibliography of recent articles and books on butterflies, 
caterpillars and flora of interest to a collector in the Buffalo region. It closes with 
a good index. 

This little pamphlet-volume is a gem.—C. H. K. 


1939] Book Notices 83 


A CHRONOLOGICAL SKETCH OF THE HISTORY OF THE NEW YORK STATE MUSEUM, 
by Members of the Staff. New York State Museum Bull. 313: 85-121, 1937. 

SEVENTY-THIRD CONVOCATION OF THE UNIVERSITY OF THE STATE OF NEW YORK, 
celebrating the One Hundredth Anniversary of the Establishment of the 
Division of Science and State Museum. (A program, Oct. 15, 1937.) 

PROCEEDINGS OF THE SEVENTY-THIRD CONVOCATION OF THE UNIVERSITY OF THE 
STATE OF NEW YorK. Univ. State of New York Bull 1143, pp. 1-74, 5 por- 
traits of speakers, 1938. 

A SUMMARY OF THE ACCOMPLISHMENTS AND FUNCTIONS OF THE NEW YORK STATE 
MusEeuM DwuRING THE Past CENTURY, 1836-1936, by Members of the Staff. 
New York State Mus. Bull. 317: 69-118, 1939. 

Just recently the ANNALS received the above series of items of historical 
interest on the New York State Museum (Albany, New York), of which Dr. C. C. 
Adams is Director. The last item will interest entomologists, particularly pages 
83 to 89 on the duties of the Office of Entomology by R. D. Glasgow, State 
Entomologist. This is the office famous in the history of applied entomology 
as having been occupied by Asa Fitch, J. A. Lintner and Dr. E. P. Felt. Excellent 
portraits of Fitch and Lintner are included. 

The ANNALS wishes The New York State Museum good fortune for the next 
one hundred years.—C. H. K. 


THE INDIAN JOURNAL OF ENTOMOLOGY, Vol. I, Parts 1 and 2, June, 
1939, 7 x 934 in., Journal of THE ENTOMOLOGICAL SocIETy oF INDIA, New 
Delhi; subscription rate, including postage (abroad) Rs 16/-. 


The ANNALS has just received with the compliments of the Editorial Board 
of the Entomological Society of India a copy of Parts 1 and 2 of The Indian Journal 
of Entomology. This is a brochure of one hundred thirty-seven pages well printed 
on excellent paper. It contains eleven articles mostly on species more or less 
economic. Following these formal articles are several appendices as follows: 
‘‘Short Notes and Exhibits, Recent Research, Books and Monographs, News and 
Announcements and Proceedings of the Entomological Society of India with a 
List of its Foundation Members.”’ 

As this first issue of the Journal announces the formation of the new society, 
The Entomological Society of India, a considerable amount of space is given to 
this organization. The list of Foundation Members comprises forty-two names 
all but possibly four of which are Indian. The President is Hem Singh Pruthi, 
M. SC. (Punjab), Ph. D. (Cantab), Imperial Entomologist, of the Imperial 
Agricultural Research Institute, of New Delhi, who is well known for his extensive 
works on the structure and biology of insects. The list of members has a distinctly 
“applied’’ slant as practically all are university graduates of various degrees in 
biological science and are members of Government staffs or of college faculties. 

The society is organized in three ‘‘Branches’’: the New Delhi Branch, the 
Sind Branch at Karachi, and the Punjab Branch at Lyallpur, each of which has its 
own program and meetings. The new Journal opens with two interesting historical 
articles on the beginnings of entomology in India. Official entomology began in 
India about 1901-1903 with the appointment of E. P. Stebbing (University of 
Edinburgh) to the position of Forest Entomologist though the Government had 
begun the publication of the ‘‘Fauna of British India’’ in 1892 with Hampson’s 
work on the ‘‘Moths of India.’’ In 1901 Lionel de Niceville was appointed Ento- 
mologist to the Government of India but died within the year, when Professor 
Maxwell Lefroy was appointed and worked in India for about ten years. Under 
Lefroy official entomology developed rapidly. Sound tropical entomology can 
be said to date from the publication of his monumental work, ‘‘Indian Insect Life.”’ 

The organization of this society marks one more step in the shift of manage- 
ment in India from that by official England to management by highly trained 
native officials. 

We notice a balance of 744 rupees in the treasury. We wish the Editorial 
Board the best of good luck in its future attempts to have a balance in the 
treasury.—C. H. K. 
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THE WORLD OF INSECTS, by Cart D. DuncaAN and GAyLE PICKWELL. First 
Edition. Pages 409, 194 text figs., 6 x 914 inches, 1939. Published by 
McGRAwW-HILt Book Company, Inc., 350 W. 42nd St., New York, N. Y. 
Price, postpaid, $3.50. 

Professor Carl D. Duncan is Professor of Entomology at the San Jose State 
College (Calif.). Doctor Gayle Pickwell, an ornithologist trained under Allen 
at Cornell, is Professor of Zoology in the same institution. The many beautiful 
drawings and photographs indicate that both authors are artists. Professor 
Pickwell is a publisher of popular works, an author with considerable previous 
experience. McGraw-Hill publish three of his volumes, one entitled ‘‘Weather,’’ 
one entitled ‘‘Deserts’’ and another with the title ‘‘Birds.’’ Professor Duncan 
has just published the fine volume on vespine wasp biology and anatomy noticed 
on page 31, Annals, 1939. This abundant interest and experience has produced 
results in the present volume. 

The material which gives this attractive work its freshness of appearance is 
the series of really excellent photographs and drawings. The drawings are brilliant 
black and white pen and ink sketches. The photographs match these in pointed 
contrasts of light and shade and all illustrations are at from two to four times the 
magnification usually used in a text book. The reviewer is always puzzled as to 
why a larger sized drawing of an insect is better. There is no more detail visible. 
Probably it is a matter of lack of eye strain, a matter of comfort to the reader. 
The volume has a large text figure for every other page. One finds few borrowed 
pictures and positively none of the old ones familiar in entomological literature, 
some of which come down from the Riley Missouri reports. The illustrations are 
fresh and new. 7 

The text is on the generalities of anatomy and biology. There is but one 
of the nineteen chapters on classification. It ends in a table which gives char- 
acters of twenty-one Orders. Apparently the term family and technical family 
names are excluded from the work—four hundred pages of an entomology without 
using a family name! Interestingly enough, they are used in the index but refer 
back to pages where they do not appear as family names. 

The chapter heads indicate more specifically the nature of the text: 
I. Introduction; II. Insect structures; III and IV. How insects grow up; V and VI. 
Insect food and feeding habits; VII. How insects reproduce themselves; VIII. How 
insects get air; IX. How insects move; X. How insects are protected; XI. Insect 
voices; XII. Insect fitness; XIII. Insect orders; XIV. Social life; XV. Value of 
insects; XVI. Injurious insects and their control; XVII. Where to look for insects; 
XVIII. Rearing insects; XIX. How to collect and preserve insects. 

Just where this volume fits into the intellectual life of the nation is a puzzle. 
We are so used to seeing picture books for children and then next in our intellectual 
expansion the very formal scientific works of college level that we overlook the 
great area between childhood and maturity when curiosity as to how nature is 
put together and how it works is at its greatest intensity. ‘‘The World of 
Insects’’ fills the gap. It is in a popular style of writing with a minimal use of 
technical terms. 

We predict success for this fresh and unusually well done volume, and are 
certain that we would rave over ‘‘The World of Insects”’ if it were not for fatigue 
from planting roses and remaking our daffodil beds.—C. H. K. 


PRINCIPLES OF FOREST ENTOMOLOGY, by SAMuEL ALEXANDER GRAHAM. 
Second Edition. Pages i-xvi and 1-410, 165 text figures, 6x9, cloth, 1939. 
Published by McGraw-HIiL_ Book Company, Inc., 330 West 42nd St., New 
York, N. Y. Price $4.00. 

Parts of the second edition of Professor Graham’s book should be read by 
every entomologist who is not familiar with the problems of insect outbreaks and 
control in forests where direct control measures are often inapplicable. If he 
has been thinking in terms of chemical control, this book will broaden his horizon 
and he will begin to realize that prevention of serious insect attacks by striving to 
maintain the balance of natural forces calls for knowledge and skill quite beyond 
that commonly used in chemical warfare against insects. Entomologists are 
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still almost helpless spectators of the depredations of insects in standing forests 
but information on ecological relationships is gradually emerging from the 
researches of forest entomologists that points the way to suppression of epidemics 
by proper silvicultural practices. Much more research is needed as well as intel- 
ligent application of the results of research. Entomologists are better able to 
deal with the insect pests of felled trees, and have still more control over pests of 
finished lumber and wooden structures. Professor Graham deals with all these 
aspects of the subject, but it seems to this reviewer that he is at his best in the 
early chapters of the book on biotic potential, environmental resistance, insect 
abundance and direct and indirect control of tree insects—the subjects that really 
constitute the principles of forest entomology. 

In the latter part of the book selected insect pests of trees and wood are 
described and discussed, being grouped according to their feeding habits; e. g., 
leaf-eating insects, meristem insects of the terminal parts, meristem insects of the 
phloem region, phloem-wood insects, wood destroyers and sap-sucking insects. 
Principles of control previously discussed are applied to the species described. 
Space was lacking to consider all forest insects pests of this country, but references 
are given to the literature on those that could not be included in the text. Of 
course the most important pests are discussed. 

As this book is intended primarily as a textbook, (for foresters, we suppose) 
Professor Graham felt it necessary to include a certain amount of material that is 
found in textbooks of general entomology, though classification, structure, and 
metamorphosis of insects are excluded. This reviewer feels that it is impossible 
to present the principles of forest entomology to students who are not well 
grounded in general entomology and therefore believes that the book could be 
strengthened by omission of all elementary material, and the inclusion of more 
technical details. In the introduction Professor Graham assumes that the reader 
knows insects for he used common and scientific names without definition, but 
further on we are told, for example, that ‘‘the order Hemiptera embraces a large 
number of sucking insects’’ and are called ‘‘bugs,’’ and so our attention to the 
principles of forest entomology is distracted by irrelevant material that should 
already be known. However, the judicious reader can skip the compromises for 
foresters, particularly the chapter on insecticides, and will be well rewarded by 
the ecological parts of the book.—F. L. C. 


AN INTRODUCTION TO MODERN GENETICS, by C. H. WappincrTon. 
441 pp., 5 plates and 160 figures. 1939. Published by THE MACMILLAN 
Co., 60 Fifth Ave., New York. Price $4.00. 


It is difficult to classify this book in any way other than to say that it is 
devoted mainly to the theoretical aspects of genetics and that it is a thoroughly 
excellent book. It would seem to be best suited as a text for an advanced course 
in general genetics for biology students. At least, it certainly differs from the 
usual “‘introduction’’ or elementary text in two ways—in presupposing a con- 
siderably broader biological background and in containing no problems or 
exercises. 

The material is arranged in five parts: Part I, Formal Genetics; II, Genetics 
and Development; III, Genetics and Evolution; IV, Genetics and Human Affairs; 
and V, The Nature of the Gene. The headings clearly suggest a theoretical 
treatment; no case of inheritance is mentioned because of its own interest, but 
always for the purpose of illustrating some point in theory. Even Part IV deals 
chiefly with methodological aspects of plant and animal breeding and human 
genetics. Most of the chapters are concerned with the summarization of research 
problems which are occupying the present frontiers of the science. It is certainly 
a modern genetics. The fundamentals of Mendelism and chromosomology are 
disposed of in the first 133 pages under the heading of Formal Genetics. Since 
the author is an experimental embryologist one would expect a thorough and 
original treatment of Genetics and Development, but the same skillful writing 
characterizes the other parts as well. Outstanding among the topics discussed 
in other sections are those on the mathematical theory of evolution, ‘‘The Genetic 
Analysis of a Continuously Varying Character: Intelligence,’’ and The Nature of 
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the Gene. The last of these provides the best account known to the reviewer 
of this very important and fundamental problem; all aspects of the gene 
cytological, developmental, chemical, and genetic—are discussed with remarkable 
clarity. 

The book itself is most attractive. Very striking photomicrographs of 
chromosomes comprise three of the five plates. The figures and diagrams are 
especially clear, simple, and easy to comprehend. They are always accompanied 
by full and self-contained explanations, so that no description is required in the 
text proper, this being another factor contributing to the conciseness of the book. 
The type is rather small but heavy. 

Waddington’s genetics is certainly a very welcome addition to the present 
literature. Any biologist who wishes to review all branches of the modern science 
without wading through too much of the technical and descriptive part will find 
this book ideal for the purpose.—C. W. C. 


A LABORATORY GUIDE IN ENTOMOLOGY, FOR INTRODUCTORY 
COURSES, by Ropert MaTHEsON. Pages vii and 135. 48 plates. 8 x 11 
inches. 1939. Published by Comstock PUBLISHING CompPaANy, Ithaca, 
N. Y. Price $2.00. 


As the author states in the preface, this laboratory outline is based largely 
on work offered in introductory courses at Cornell University. At the beginning 
of the manual he presents the material as twenty-eight different studies which 
cover the following main subjects: the crayfish as an example of the Crustacean 
type; the external and internal structures of an insect as illustrated by a grass- 
hopper; a study of various mouthpart types; metamorphosis and growth; adapta- 
tions of insects; sound-producing organs; social life among insects; collecting 
and preserving; and insects in relation to plant and animal diseases and as 
pollinators of plants. A large part of the manual is devoted to insect identifica- 
tion, with keys to the principal orders and families. The orders Coleoptera, 
Diptera, Lepidoptera and Hymenoptera are treated with more detail. 

There are 48 plates of illustrations to aid the beginner in becoming acquainted 
with the various morphological structures and their use in insect identification. 

The guide has a staple binding and a heavy paper cover. The pages are 
perforated and punched with holes so that they may be removed and placed in 
either two or three-hole loose-leaf notebook covers of the 84%” x 11” size. 

This is one of the first attempts at presenting in published form a laboratory 
guide in general entomology. It should prove very useful in courses of that 
type.—R. H. D. 


A REVISION OF THE GENUS ASHMEADIELLA, by Cuartes D. MICHENER. 
The Amer. Midland Nat. 22 (1): 1-84, 2 pls. For sale by THE UNIVERSITY 
Press, NotrE DAME, Indiana. Price, $ .50. 

The ANNALS does not wish to review many even monographic publications 
which have appeared as regular articles in other journals. Yet it would do 
injustice to entomology to apply such a rule too closely. Doctor Theodore Just, 
Editor of the American Midland Naturalist, has called our attention to the above 
monograph. We cite this excellent piece of work rather to call attention to the 
bi-monthly American Midland Naturalist edited at the University of Notre Dame. 
This journal, under the guidance of Doctor Just, has been one of the main factors 
in relieving the pressure for publication on such journals as the ANNALS. The 
ANNALS appreciates this relief. 

The megachilid bees of the genus Ashmeadiella form a feature of the insect 
fauna of the southwestern United States and Mexico. The center of distribution 
appears to fall along the Nevada-California line. From this area the various 
lines of evolution radiate to British Columbia, the south Atlantic states and to 
Yucatan. Sixty-four species and subspecies are described. The illustrations are 
two plates which give outlines of the forms of clypeus found in the various species. 

—C.H. K. 
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MEMOIRS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON, 
Number 1. THe NortH AMERICAN BEEs OF THE GENUS OsMIA, by GRACE 
SANDHOUSE. 167 pp., 11 pls. (278 figs.), 7 x 1014 inches, cloth bound. For 
sale by the Corresponding Secretary, Entomological Society of Wash- 
ington, Bureau of Entomology and Plant Quarantine, Washington, D. C. 
Price,$3.00. 

On August 15, 1939, appeared the above volume, the first Memoir of the 
Entomological Society of Washington. Leaders in this society have had the 
publication of some such journal in mind for over forty years but finances were 
difficult in a society with an almost 100 per cent membership in Federal Civil 
Service. Wealthy amateurs did not abound. However, in 1918, Frederich Knab 
willed the society $1,400.00, the interest from which would be used for publication. 
In 1927 Dr. E. A. Schwarz gave $1,000 to the publication fund. From this nucleus 
was built up the amount necessary for the present monograph. Hopes are held 
that sales will be large enough to make of the sales-income a revolving fund for 
future volumes. 

The society was fortunate in having available a manuscript by Miss Sand- 
house, who is known for exact and careful work. One hundred and fourteen species 
of Osmia are described in six subgenera. The eleven plates of figures are by H. B. 
Bradford, Bureau artist. The genitalia, eighth abdominal sternite, mandibles, 
legs and apical abdominal tergites are figured for each species. Original types 
of the majority of the species were examined. Only thirteen ‘‘species’’ remain 
of which Miss Sandhouse had no material for study and which thus could not be 
placed positively. 

The quality of the revision lies in the keys and the careful description of 
subgenera with the proper placement of the many species. This work has meant 
a correlation of American groups with the subgenera established for the Old 
World species. Having ‘‘fussed’’ some with ants, we have a profound respect 
for anyone who can define species in the Hymenoptera in such a manner that they 
stay defined, and descriptions can be compared one with another. Miss Sandhouse 
appears to have done a remarkably clean job in differentiating species as such 
should be distinguished. 

If civilization does not fold up from over-indulgence in dictators, the Memoirs 
will probably multiply and prosper. We hope they do.—C. H. K. 


THE BRITISH CADDIS FLIES (TRICHOPTERA). A CoL.LEector’s HANDBOOK, 
by Martin E. MOsELEy, pp. 1-320, 631 text figs. (614x10 in.) 1939. GEORGE 
ROUTLEDGE & Sons, Ltp., 68-74 Carter Lane, London, E. C. 4. Price 
21 s. net. 


McLachlan’s Monographic Revision and Synopsis of the Trichoptera of the 
European Fauna having been so long out of print (published 1874-1884) there is 
obvious need for its replacement and this is now accomplished in so far as the 
British Isles are concerned by the appearance of Mr. Mosely’s book. In this 
volume the adults of the 184 known British species of Trichoptera are adequately 
described and figured. There are included also very brief statements on collecting 
and preserving, on the life history, on the structures most used in the identification 
of species, and on classification. There are three plates from photographs, two 
illustrating adult wings and one the life history in this group. The very numerous 
text figures are by Mr. Mosely’s able co-worker, Mr. D. E. Kimmins. A feature 
that will be much appreciated is the remarkably fine photograph of Robert 
McLachlan that appears as frontispiece. 

_ The author of this handbook believes in letting good work stand and receive 
its own credit. Altogether he has made this book, by evident intent, a tribute to 
McLachlan’s great work to which additions and corrections are made only when 
this appears to be absolutely necessary. It is after all only in the family Hydrop- 
tilidae (the micro-Trichoptera) that any considerable additions need to be made 
to the British genera and species known to McLachlan. The collector’s notes and 
the keys to the species are valuable additional features. With regard to the 
illustrations it is most remarkable both that McLachlan’s figures made some 
sixty years ago should still be so serviceable and that Mr. Mosely, himself a 
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master technician in the study of these forms, should content himself with a 
minimum of change in them. 

The author of this book, Mr. Martin E. Mosely, came to his interest in the 
caddis flies through his earlier and continued interest in fly-fishing. He has for 
many years been in charge of the collections of Trichoptera in the British Museum 
of Natural History and has, through his prolific output of clear and accurate 
descriptions, come to be recognized as a leading taxonomist of this group of 
insects. —CORNELIUS BETTEN. 


INSECT ENEMIES OF WESTERN FORESTS, by F. P. KEEN, pages 1-209, 
92 text figs., 6x 914 inches. U.S. Dept. Agr. Misc. Publ. No. 273. 1938. 

This is a manual developed within and for the Division of Forest Insect 
Investigations. To quote from an explanatory foot note: ‘‘For many years 
entomologists of the Bureau of Entomology and Plant Quarantine engaged in 
forest insect problems have considered compiling the great mass of records in 
their files . . . inmoreusableform. There has been a growing need for a manual 
for use by forest rangers and others. . . . Recently the tremendous impetus 
given to forest conservation by the establishment of Civilian Conservation Corps 
camps has made forest control an actuality. This called for the instruction and 
education of these men. . . . It is planned to follow this with another manual 
covering eastern forests.”’ 

About forty subjects are discussed as listed by the table of contents. The 
various bad western timber pests receive one or two paragraphs each, usually 
with good text figures. These pests are grouped: Insects affecting seed pro- 
duction; Insects injurious to seedlings; Insects injurious to young trees; To mature 
trees; To wood and forest products; To range plants. Pages 166-196 discuss 
controlling factors and control methods. Eighty-six items, mostly Government 
publications, are listed in the bibliography. The volume is what it was planned 
to be, a very condensed and well organized manual for those interested in con- 


servation of western forests.—C. H. K 


THE CANADIAN ENTOMOLOGICAL SERVICE, Fifty Years of Retrospect, 
1887 to 1937, by ArtHuUR GrBson, VII. Internationaler Kongress fir 
Entomologie, Berlin, 1938, pp. 1429-1479. Published in July, 1939. 

We call the attention of students of the history of entomology to the above 
very condensed outline of Canadian economic entomology during the first half 
century of official entomological research by Canadian scientists. Fragments 
of history of our science are so scarce that we are using ANNALS space to advertise 
this review. We know personally of the great amount of work among old records 
and other sources of information which had to be undertaken in assembling the 
data for this authoritative and precise article. We know because for ten years 
as editor we have been on the trail of this article for the ANNALS. We hope for 
articles from the same source on other phases of the history of Canadian 
entomology.—C. H. K. 
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